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Abstract 
 These experiments were conducted to determine if there is a negative 
effect of raw soybeans, T-2 toxin and their interaction on performance, 
immunocompetence and reproduction of bobwhite quail.  Birds were fed diets, 
containing 0, 20, 40 or 60% raw soybeans and orally dosed with 0, 9 or 12 mg T-
2 toxin per kg body weight.  Mortality, food consumption and body weight gain 
were recorded for performance analysis.  Birds were bled seven days before first 
T-2 toxin treatment, 24 hours after each treatment and two weeks after last 
treatment.  Total white blood cells (WBC) and percentage WBC were counted 
from this blood to identify any immunosupresion.  One week before the dosing 
period lights were increased to 16 hours per day to induce puberty.  Hen day and 
hen housed egg production was determined for 12 weeks.  Eggs from the first 
four weeks of egg production were set for hatchability data (percent fertility, 
percent fertile hatchability and percent total hatchability).  Live chicks from the 
first four hatches were weighed at 4 weeks of age to determine differences due 
to maternal exposure to raw soybeans and T-2 toxin.  A second experiment was 
performed to determine the effect of T-2 toxin on testicular morphology.  Fifteen 
male bobwhite quail were assigned to receive intermittent doses of 0, 12, or 16 
mg T-2 toxin per kg BW.  Birds were sacrificed on day 22 and the left testis was 
removed and fixed for histological analysis. 
 A significant increase in mortality was observed when birds were dosed 
with 12 mg T-2 toxin / kg BW, and there was a tendency for mortality to increase  
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as the level of raw soybeans increased.  A significant increase in feed 
consumption was reported as raw soybeans increased in the diet.  However, 
during the dosing period, birds had a tendency to decrease feed intake.  T-2 toxin 
treated birds gained less weight than non treated male birds.  During the dosing 
period WBC increased significantly when birds were dosed with 12 mg T-2 toxin 
per kg BW.  A significant increase in absolute numbers of heterophils was 
observed when birds were dosed with 12 mg T-2 toxin per kg BW.  Hen day egg 
production was significantly reduced when birds were fed 60% raw soybean.  
Hen housed egg production was significantly reduced when birds were dosed 
with 9 or 12 mg T-2 toxin per kg BW.  However there were no differences in 
fertility, fertile hatchability, and total hatchability as a result of raw soybean, T-2 
toxin or their interaction.  Chicks from hens fed 0, 20 or 40% raw soybeans were 
significantly heavier than chicks from hens fed 60% raw soybeans.  Large 
differences in testicular morphology were observed due to T-2 toxin treatment.  A 
dose dependent increase in melanocyte size and numbers was observed, males 
receiving 16 mg / kg BW T-2 toxin had greater numbers and large melanocytes 
than either control or 9 mg / kg BW treated males.  Spermatogenesis was also 
adversely affected by T-2 toxin treatment resulting in greater cellular 
degeneration, and fewer mature spermatozoa presenting the lumen of the 
somniferous tubules.  Theses results indicated that raw soybeans and T-2 toxin 
negatively influence performance, immunocompetence and reproduction among 
male and female bobwhite quail. 
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 2
T-2 Mycotoxin 
 
Ames Plantation is one of eleven branch stations for the Institute of 
Agriculture at the University of Tennessee. Bobwhite quail is raised at the 
plantation for wildlife recreation, hunting and for the National Field Trail 
Championship of all age bird dogs.  However, even in the optimal environmental 
conditions that the plantations pasture and bush-lands offer, wild quail 
populations are decreasing.  Since the 1960s, quail numbers on the plantation 
have fallen by roughly 60% (Dimmick, 1992), and had been correlated to 
seasonal rainfall.  Low spring rainfall has been associated with an increase in the 
population, while high rainfall has been associated with a decrease in the 
population (Gigeus, 1999).  This decrease in bobwhite quail population have 
been reported to be severe in any of the southeastern states and the rate had 
accelerated since the early 80s to 5.6% per year (Sisson and Stribling, 2000).   
At Ames Plantation, un-harvested raw soybeans are left in the field during 
the winter month as a supplementary food for bobwhite quail.  Eight hundred 
parts per billion (ppb) of T-2 toxin per kg raw soybeans have been detected on 
the plantation (Kersten, 1998).  Consumption of T-2 toxin has been shown to 
cause a reduction in body weight, date of puberty, fertile hatchability of eggs, 
gross histological lessons of immune organs and white blood cells abnormalities 
in bobwhite quail (Kersten, 1998). 
Chemistry 
T-2 toxin is a biologically active toxic fungal metabolite (Purchase, 1974), 
belonging to a group of Trichothecenes that is composed of over 100 chemically 
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related naturally occurring fungal metabolites.  Trichothecene mycotoxins have 
the same sesquiterpenoid structure, which is derived from their tetracyclic 
sesquiterpene 12, 13 – epoxytrichothecene skeleton (Leeson et al., 1995), and 
can be divided into two major groups: macrocyclic and non-macrocyclic.  
Macrocyclic compounds possess an ester or an ether-ester bridge connecting C-
4 and C-15, while non-macrocyclic trichothecenes lack this ring (Mirocha et al., 
1985).  Non-macrocyclic trichothecenes can be farther subdivided into type A 
and type B structures.  Type B trichothecenes have a conjugated carbonyl group 
at position C-8 that is absent in type A compounds (Leeson et al., 1995).  
Examples of type A trichothecene (Figure 1-1) naturally occurring in 
contaminated feed include T-2 toxin, H-T toxin and diacetoxyscirpenol (DAS) 
(Stratton et al., 1993).  The 12, 13 - epoxide ring is essential for their biological 
activity.  De-epoxidation of T-2 toxin by rumen-microorganism (King et al., 1984) 
and in mammalian systems (Yoshizawa et al, 1984) results in loss of toxicity. 
Trichothecenes, which have been found to contaminate food and animal feed, 
include dexynivalenol (Don), Nivalenol (NIV) and T-2 toxin (Nakadate and 
Ueno,1990). 
 
 
  
Figure 1-1.  General Structure of type A trichothecenes 
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The known genera of fungi, which produce trichothecene mycotoxins, are 
Fusarium, Stachybotrys, Myrothcium, Trichothecium, Trichoderma, 
Cylindrocarpon, Verticimonosporium, and Phomopsis (Buck and Côté, 1991).  
Trichothecenes have been shown to have antifungal, cytotoxic, and phytotoxic 
effects (Ueno, 1983a). Most trichothecenes that have been isolated and 
characterized come from Fusarium species, which are distributed worldwide and 
are important pathogens in plants that produce cereal grains.  F. Sporotrichioids 
(synonym of F. Tricinctum) is the mayor producer of T-2 toxin (Scott, 1989).  It 
acquired its designation as T-2 toxin because it was isolated first from F. 
tricinctum strain T-2 (Bamburg et al., 1968).  Toxin production is greatest under 
conditions of high humidity, rainfall, and temperatures of 6 - 24 °C.  The presence 
of the fungi is a sensitive indicator of potential contamination (Scott, 1989).  
Consumption of the toxin has been associated with a variety of toxicoses in man 
(Mayer, 1953; Saito and Ohtsubo, 1974, Ueno 1977; Joffe, 1986; Bhat et al., 
1989) and in domestic mammals and birds (Bamburg and Strong, 1969; Ueno et 
al., 1972). Acute exposure to moderate to high levels of T-2 toxin affects a variety 
of organ systems and can be lethal (Cirilli, 1983; Mutoh et al., 1988).  In contrast 
chronic or sub-chronic exposure to lower levels of the toxin has been found to 
produce significant immunosuppression (Corrier, 1991). 
 
Absorption 
 
The kinetics of absorption, tissue and organ distribution, metabolism, and 
elimination of the trichothecene mycotoxins have been studied principally using 
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radio labeled toxins.  In general, trichothecenes are absorbed from the alimentary 
tract, and are evenly distributed in many tissues and organs (Nakadate and 
Ueno, 1990).  Six-week-old broiler chicks were fed a diet containing T-2 toxin at a 
level of 2 mg per kg feed for five weeks.  At the end of the five-week period, 
chicks were intubated with a single dose of radio labeled T-2 - 3H toxin at 0.5 mg 
per kg body weight.  Radioactivity reached a maximum concentration in most 
tissues, 4 hours (h) after dosing with the exception of muscle, skin, and bile in 
which the maximum level was reached after 12 h (Chi et al., 1978b).  In chickens, 
18 h after intraperitoneal injection of T-2 toxin (3.5 mg per kg body weight) 
considerable amount of T-2 toxin metabolites were found in the liver, with smaller 
amounts of T-2 toxin, T-2 triol and other metabolites detected in the lungs 
(Visconti and Mirocha, 1985).  Oral dosing studies conducted in several species 
indicate that maximum amounts of radiolabel T-2 toxin appear in blood 1 h after 
administration (Feinberg and McLauglin, 1989), after which T-2 toxin metabolites 
are distributed to different tissues in a slower phase (Matsumoto el al., 1978). 
 
Excretion 
 
In studies conducted by Ueno et al., (1971) radioactive 3H labeled T-2 
toxin was administered to mice at a concentration of 360 parts per million (ppm) 
per animal.  T-2 toxin was found in the urine and feces after 24 hours. In these 
species maximum radioactivity was detected 30 minutes after dosing in the liver 
with smaller amounts in the kidney, small intestines, large intestines and feces.  
After 3 h, T-2 toxin was only present in kidneys, spleen and bile, with most 
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activity in the urine and feces.  Twelve hours after exposure no radioactivity was 
present in any of the organs.  From this data the authors concluded that the toxin 
was eliminated rapidly through the kidneys. Similarly, in ducks and broiler 
chickens early elimination was evident by the rapid appearance of radioactive 
residues in the excreta, following a single oral dose of 0.5 mg T-2 toxin per kg 
body weight.   Within 6 h after dosing, more than 25% of the labeled T-2 toxin 
had been eliminated by both chickens and ducks, and by 24 h about 60% was 
found in the excreta of each species.  Data from 48 h cumulative excreta 
samples showed no increase in label relative to the 24 h samples, indicating no 
appreciable elimination of radioactive T-2 toxin residues occurred after 24 h 
(Giroir et al., 1991).  Studies by Chi et al., (1978 b) showed that 3H-labeled T-2 
toxin, and / or its metabolites were almost totally eliminated in the excreta within 
48 h.  After oral dosing, these studies indicate that poultry are capable of 
eliminating a non-lethal dose of T-2 toxin within 48 h. 
Investigations on the transmission of T-2 toxin into the eggs of laying hens 
have been done with radioactive labeled T-2 - 3H toxin.  Maximum radioactive 
residues occurred 24 h after dosing with 0.25 mg T-2 toxin per kg body weight.  
Which yolk contained 0.04% of the total dose while albumen contained 0.13%.  
In birds dosed daily with 0.1 mg T-2 toxin per kg body weight for eight 
consecutive days, radioactivity in the egg accumulated until the fifth day of 
dosing equivalent to about 0.9 µg T-2 toxin or metabolites, remained unchanged 
until the last day of dosing and rapidly decreased after the last dose (Chi et al., 
1978 a).  
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Mode of action 
 
Protein Synthesis 
 
Trichothecenes have been identified as causative agents in numerous 
cases of fatal human and animal toxicoses (Joffe and Yagen, 1978; Cote et al., 
1984).  The adverse effects of mycotoxins result from the interaction of 
mycotoxins with functional molecules and organelles in the cell (Lesson et al., 
1995).  Specifically the main effect of trichothecene mycotoxins is the inhibition of 
protein synthesis followed by a secondary disruption of DNA and RNA synthesis 
(Schindler, 1974; McLaughlin et al., 1977; Mann et al., 1983).  Initial observations 
in mammalian cells were made by Ueno and Fukushima (1968), who reported 
that mycotoxins inhibited the incorporation of several amino acids into protein in 
rabbit reticulocytes.  Later, the effect of T-2 toxin on protein and DNA synthesis 
was studied in Swiss mice and hepatocyte cell cultures (Rosenstein and Lafarge-
Frayssinet, 1983). T-2 toxin was given as a single dose of 0.75 mg per kg BW, 
and as a three or seven day treatment.  Protein synthesis was inhibited after all 
three treatments, and was evident in cells obtained from bone marrow, spleen, 
and thymus.  In vivo, T-2 mycotoxin produced a suppression of protein synthesis 
in a wide range of tissues.  When a lethal dose of T-2 toxin was administered, 
protein synthesis was suppressed through hour 9 after exposure; and death 
occurred at hour 14  (Thompson and Wannemacher, 1990). 
Inhibition of protein synthesis occurs through the interaction of T-2 toxin 
with the peptidyl transferase center on the 60S ribosomal sub-unit, and results in 
the subsequent inhibition of the transpeptidation of the peptide bond formation 
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process (McLaughlin et al., 1977).  The stoichiometry of the reaction is that one 
toxin molecule was bound per ribosome (Coulombe, 1993).  Which corresponds 
to one peptidyl transferase catalytic center (Ueno, 1983b).  Protein synthesis can 
be inhibited at any step of initiation, enlogation, or termination (Ueno, 1979).  
Cells most susceptible to the action of trichothecenes are those having a high 
rate of regeneration and differentiation.  Undifferentiated germinal and blast cells, 
with a large number of free polysomes are much more susceptible than 
differentiated cells (Terao, 1983). 
 
DNA and RNA Inhibition 
Inhibition of DNA and RNA synthesis by T-2 toxin was first observed by 
Ueno and Fukushima (1968), and was subsequently demonstrated in vitro 
experiments by Oldham et al., (1980); and Thompson and Wannemacher, 
(1984).  However, evidence exists that this response was probably secondary to 
inhibition of protein synthesis (Cundliffe et al., 1974; Munsch and Muller, 1980).  
This hypothesis was supported by the findings that an in vitro concentration of 
0.0236-1.889 mmol of fusarenon-x per liter did not inhibit DNA-dependent RNA 
hybridases of rat liver (Tashiro et al., 1979).  Inhibition of DNA and RNA 
synthesis required higher concentrations of tricothesene toxins than that which 
caused the inhibition of protein synthesis.  Further support for this conclusion 
was found by the observation that in vivo DNA synthesis was delayed as 
compared to that of protein synthesis (Thompson and Wannemacher, 1990). 
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Alteration of cellular membranes 
 
T-2 toxin can cause alteration of cellular membranes.  This is achieved by 
its interaction with the lipid or protein components of cell membranes due to its 
amphipathic character (Leeson et al., 1995).  T-2 toxin interference with cell 
membranes has been demonstrated in vitro with erythrocytes, myoblasts, and 
fibroblasts (Coulombe, 1993).  Studies made by Bunner and Morris (1988) 
showed that exposure of L-6 myoblasts to 4 pg / ml of T-2 toxin reduced the 
uptake of calcium, glucose, leucine and tyrosine, and their incorporation into 
protein.  The uptake of rubidium and thymidine increase at 0.4 pg /ml of T-2 toxin 
and reduced at 4 pg /ml or more.  These data indicate that T-2 toxin has multiple 
effects on all membrane functions at very low concentrations, and these effects 
are independent of the inhibition of protein synthesis (Bunner and Morris, 1988). 
 
Immunosuppression 
 
Cells most susceptible to the action of trichothecenes are those having a 
high rate of regeneration.  Some of these cells are those that regenerate from 
proliferating undifferentiated germinal and / or blast cells, such as lymphoid, 
erythroid, and intestinal crypt cells (Terao, 1983).  The sensitivity of the immune 
system to mycotoxin arises form the vulnerability of the continually proliferating 
and differentiating cells that participate in immune mediated activities and 
regulate the complex communication network between cellular and humoral 
components (Corrier, 1991).  As described before T-2 toxins effects on rapidly 
dividing cells are caused by impaired DNA and RNA synthesis resulting, 
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indirectly from inhibition of peptidyl transferase and protein synthesis (Schindler, 
1974; McLaughlin et al., 1977; Mann et al., 1983).  T-2 toxin has been shown to 
cause necrosis and lymphoid depletion in the thymus, spleen, and lymph nodes 
of numerous laboratory animals (Ueno, 1977; DeNicola et al., 1978; Hayes et al., 
1980; Lutsky and Mor, 1981), cattle (Osweiller et al., 1985) sheep (Friend et al., 
1983b) and quail (Kersten, 1998).  Necrosis and depletion of lymphocytes in the 
thymus, bursa of Fabricius, and spleen has also been reported in chickens and 
turkey poults treated with T-2 toxin (Wyatt et al., 1973; Boonchuvit et al., 1975; 
Richard et al., 1978; Hoerre et al., 1981).  Trichothecenes have been associated 
with alterations in serum proteins and immunoglobulin profiles, reduced antibody 
formation, thymic hyperplasia, reduced cell mediated immunity but with 
enhanced delayed cutaneous hypersensitivity, and impairment of bacterial 
clearance and acquired immunity (Pier and McLoughlin, 1985).  Mycotoxin-
induced immunosuppression decreased numbers of circulating T or B 
lymphocyte activity, suppressed immunoglobulin and antibody production, 
reduced complement or interferon activity, cause direct lynphocytolysis, altered 
antigen presentation, and decreased serum concentration of IgG and IgM 
antibodies (Hayes et al., 1980; Jagadeesan et al., 1982; Rosenstein and Lafarge-
Frayssinet., 1983; Yarom et al., 1984; Cooray and Jonsson, 1990).  The broad 
immunosuppressive effects of T-2 toxin decrease host resistance to infectious 
diseases.  Exposure to T-2 toxin may decrease resistance to Salmonellosis in 
chickens and mice (Boonchuvite et al., 1975; Tai and Pestka, 1988; Ziprin and 
Elissalde, 1990), to Tuberculosis in chickens and mice (Kanai and Kondo, 1984; 
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Ziprin and McMurray, 1988), to Listeroisis in mice (Corrier and Ziprin, 1986), and 
to herpes simplex virus infection (Friend et al., 1983a) in mice. 
 
Effect on Animals 
At this point, it is evident that T-2 toxin is highly toxic to animals. Chi et al., 
(1977a, b) reported that the single oral LD50 (acute lethal dose of toxin that 
produces 50% mortality of the affected population) dose of T-2 toxin for one-
day-old broiler chicks was 5 mg per kg body weight (BW).  It was 5 and 6.3 mg 
per kg BW for 8-week-old broiler chicks and laying hens, respectively.  Death of 
the birds occurred within 48 h of T-2 toxin administration.  Within 4 h of 
receiving the toxin, birds developed asthemia, inappetence, diarrhea, and 
panting.  The abdominal cavities of birds given lethal doses contained a white 
chalk-like material that covered much of the viscera.  The toxicity of 
trichothecene mycotoxins has been reported, not only in poultry, also in 
experimental animals and livestock.  Ueno et al., (1983 b) and Ryu et al., 
(1987) have studied values for T-2 toxin in several experimental animals.  The 
LD50 dose of T-2 toxin has been reported to be 10.5 mg per kg BW in mice, 
3.06 mg per kg BW in guinea pigs, 5.2 mg per kg BW in rats and 6.1 mg per kg 
BW in trout.  The LD50 for some livestock animals are 1.21 mg per kg BW in 
pigs (Weaver et al., 1978), and in adult bobwhite quail appear to be 14.7 mg 
per kg BW (Kersten, 1998).  It is interesting, that pen-raised bobwhite quail are 
more resistant to T-2 toxin than chickens. 
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Sub-lethal effects of T-2 toxin have shown it to be an inflammatory agent 
(Smalley et al., 1970).  In commercial poultry this has been observed as oral 
lesions among turkey poults, (Christensen et al., 1972) broiler chickens, (Wyatt et 
al., 1973; Chi and Mirocha, 1978) laying hens, (Chi et al., 1978 b) and quail (Ruff 
et al., 1992; Kersten, 1998).  In chickens oral lesions first appeared one week 
after receiving dietary T-2 toxin levels of 4 ppm.  Following two weeks exposure, 
lesions increased in size and invaded the lingual papillae at the root of the 
tongue, and at week 3 the size of the lesions increased so that some birds were 
unable to close their mouth (Wyatt et al., 1975).  In general, birds exposed to T-2 
toxin develop oral lesions characterized by circumscribed proliferating yellow 
caseous plaques at the margin of the beak, the mucosa of the hard plate and the 
tongue, and the angle of the mouth (Wyatt et al., 1972; Chi et al., 1977 b; Joffe 
and Yagen, 1978; Kubena et al., 1989). 
Chicks feed diets containing T-2 toxin showed reduced body weight gain 
and feed consumption ( Wyatt et al., 1972; Chi et al., 1977c; Joffe and Yagen, 
1978; Hoerr et al., 1982; Kubena et al., 1989).  Diets containing 4 ppm T-2 toxin 
decreased feed consumption and weight gain of chicks.  Chicks were most 
sensitive to dietary T-2 toxin during the first three weeks of age (Chi et al., 
1977c). In bobwhite quail T-2 toxin depressed body weight at levels of 8 and 16 
ppm. Mortality rates of 20% and 22% were observed at the 8 and 16 (ppm) levels 
respectively (Ruff et al., 1992).   
 Studies of the pathophysiology of T-2 intoxication in poultry and 
laboratory animals have shown wide spread tissue and organ injury including 
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hematological, hepatic, renal, pancreatic, muscular, and cardiac effects (Ueno, 
1984; Hoerr, 1991). Chickens receiving diets containing T-2 toxin showed a 
marked reduction in circulating blood cells to include a severe depression of the 
leukocyte and thrombocyte counts, and decreased red blood cells  (RBC) and 
hemoglobin values (Joffe and Yagen, 1978).  An outbreak of T-2 toxicoses in 
broiler chickens reported by Bitay et al., (1981) shown altered in feathering, 
necrosis of oral and esophageal mucosa, and visible atrophy of the lymphoid 
organs.  Feed was analyzed to contain 2.5 ppm T-2 toxin.    In quail, microscopic 
lesions were observed in spleen, liver, intestine, kidney, thymus and the Bursa of 
Fabricius when birds were exposed to 12, 16, or 18 mg of T-2 toxin per kg body 
weight.  Absolute number of monocytes and lymphocytes were significantly 
(P≤0.01) decreased as a result of T-2 toxin treatments, while absolute numbers 
of heterophils were significantly (P≤0.01) increased (Kersten, 1998). 
Speers et al. (1972, 1973) first reported the effects of trichothecene toxins 
in laying hens.  Birds fed 4, 8, or 16 ppm T-2 toxin showed reduced feed 
consumption; body weights, egg production and decreased shell quality.  
Complete cessation of egg production was observed in hens fed diets containing 
16 mg T-2 toxin per kg feed (Speers et al., 1977).  In contrast Wyatt et al (1975), 
showed a 20% reduction in egg production and thinner shell egg at 20 mg per kg 
feed.  Chi et al., (1977a) also showed an effect of T-2 toxin on reproductive 
performance in laying hens in terms of decreased egg production, hatchability or 
eggshell quality among hens feed 4, 6 or 8 ppm of T-2 toxin.  In another study, 
hens were fed diets containing 12 ppm T-2 toxin for 18 days followed by 
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uncontaminated diets for 18 days to see the recovery.  Following removal of T-2 
toxin, gradual healing of oral lesions was evident, and after seven days lesions 
had disappeared.  At the end of the recovery period, egg production returned to 
normal, and feed consumption increased by 11% (Wyatt et al., 1978).  In 
bobwhite quail, T-2 toxin delayed the onset of puberty, decreased shell specific 
gravity, and lowered total hatchability when exposed intermittently to 15.5 mg T-2 
toxin per kg BW (Kerston, 1998). 
 
Prevention and Therapy 
Studies have been conducted to determine potential treatments and 
methods of preventing mycotoxicosis.  Because environmental conditions are 
impossible to control, and fungal contamination is closely linked to environmental 
conditions, many companies and researchers have tried to find a means of 
detoxifiying mycotosin contaminated feeds and raw materials to ensure a 
continuous safe feed supply.   
Studies with rats by Carson and Smith, (1983) investigated dietary 
supplements in feed. Bentonite and anion exchange resins were most effective in 
reducing the growth depression and feed refusal caused by T-2 toxin.  Bentonite 
was the most effective in reducing the absorption of toxin and increased fecal 
elimination.  Effects of drugs and metabolic inhibitors have been studied in mice, 
showing that the steroid drug prednisolone and dexamethasone reduced the 
lethal effect of T-2 toxin, and the antihistaminic drug diphenhydramine and an 
opoid antagonist, naloxone increased survival times (Ryu et al., 1987).  Studies 
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done by Mutoh et al, (1988) evaluated 20 compounds and found that only 
prednisolone and hydrocortisone reduced mortality from 90% in controls to less 
than 30%.  An acutely exposed animal can be treated with 1 gram super-active 
charcoal / kg BW and increase survival times (Galey et al., 1987).   
Although some of these methods are effective, most are too complicated 
or expensive for practical application or have side effects on the end products 
that cancel the benefits of detoxification.  A further approach used is to reduce 
absorption of mycotoxins from the gastrointestinal tract by adding a sorptive 
substance such as charcoal, bentonite, clay, EGM (component in the yeast cell 
wall) or zeolitic material to the diet (Hohler, 2000).  Although scientific studies 
show positive effect, the use of these additives in practice remains controversial 
and inconsistent (Hohler, 2000). 
          
Soybeans and Trypsin Inhibitor 
Soybeans have been recognized as an excellent source of protein for both 
humans and livestock animals.  Like most legumes, raw soybeans, contain anti-
nutritional factors that depress food intake, growth rate, and efficiency of food 
utilization in animals (Liener, 1994).  The full nutritional potential of soybeans is 
attained only after a certain amount of heat has been applied (Liener, 1994), 
which typically is 15 minutes or more of autoclave heating at 15 pounds pressure 
to provide for maximum growth of animals (Borchers et al., 1948).  Raw 
soybeans are nutritionally inferior in comparison to properly heated soybeans for 
rats (Osborne and Mendel, 1917; Lyman and Lepkovsky, 1957), chicks (Chernick 
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et al., 1948; Yen et al., 1973) and pigs (Yen et al., 1974; Cook et al., 1988).  The 
raw soybean anti-nutritional factor known as the Kunitz trypsin inhibitor, because 
of its ability to inhibit trypsin was first reported by Read and Hass (1938).  The 
trypsin inhibitor is one of the major growth-inhibitor anti-nutritional factors present 
in raw soybeans (Rackis, 1965), and depresses proteolytic activity in the small 
intestine, resulting in decreased release of free amino acids (Han et al., 1991).  
Trypsin inhibitors have been shown to cause pancreatic hypertrophy in rats 
(Nitsan and Liener, 1976) and chicks (Coates et al., 1970) due to stimulation of 
pancreatic secretions.  Excess digestive enzymes subsequently secreted by the 
pancreas were largely undigested, resulting in increased amino acid excretion 
and deficiencies (Liener, 1981).  
 
Mode of Action 
Raw soybeans or the purified inhibitor, have been shown to cause 
enlargement of the pancreas, which is described histologically as hypertrophy.  
This results from an increase in the size and number of the acinar cells of the 
pancreas (Chernick et al., 1948; Yanatori and Fujita, 1976).  With the increase in 
pancreas size, there is also an increase in the secretion of digestive enzymes, 
including trypsin, chymotrypsin and elastase (Nitsan and Liner, 1976), and 
subsequently an endogenous loss of amino acid in the form of enzymes (Booth 
et al., 1960).  Pancreas enzymes such as trypsin are rich in sulfur-containing 
amino acids.  The hyperactive pancreas diverts these amino acids from the 
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synthesis of body tissue protein to the synthesis of enzymes, which are 
subsequently lost in feces (Nitsan and Liner, 1976).  
The Kunitz inhibitors strongly inhibit trypsin at a single specific reactive 
site, and inhibit weakly chymotrypsin at two reactive sites (Liener, 1994).  Green 
and Lyman (1972) postulated that pancreatic secretion is controlled by a 
negative feedback mechanism were enzyme secretion is inversely related to the 
level of trypsin present in the small intestine.  When the level of trypsin in the 
intestine is depressed, as would be the case when it combines with the inhibitor, 
the pancreas responds in a compensatory fashion by producing more enzymes 
(Liener, 1994).  The enzyme produced by the pancreas is trypsinogen.  
Trypsinogen is converted to trypsin in the small intestine, and mediates 
proteolysis there.  If trypsin is inhibited, dietary protein cant be degraded to 
single amino acids.  The mediating agent between trypsin and the pancreas is 
the hormone cholecystokinin (CCK), which is released from the jejunal endocrine 
cells when the level of trypsin in the small intestine becomes depleted (Liener, 
1994).  Rats fed raw soy flour or soybean trypsin inhibitor had increased 
circulating levels of CCK in the blood (Temler and Mattraux, 1986; Loser et al., 
1987).  Repeated injections of CCK into rats caused pancreatic enlargement 
(Temler et al., 1982).  The administration of a CCK receptor antagonist inhibited 
the development of pancreatic hypertrophy and hyperplasia in rats fed raw soy 
flour (Sundaram and Dayan, 1991).  In normal physiology, trypsin suppresses the 
secretion of CCK.  However when trypsin is complexed with its inhibitor, CCK is 
not inhibited causing an increase in its production.  The latter in turn causes an 
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enlargement of the pancreas and a concomitant increase in the secretion of 
digestive enzymes (Liener, 1994). 
 
Effect on Animals 
Growth inhibition 
Inclusion of raw soybeans in diets considerably inhibits the growth of 
young animals (Grant, 1989).  Purified fractions from soybeans, which were 
enriched with trypsin inhibitor activity, were in fact capable of inhibiting growth of 
rats (Klose et al., 1946), chicks (Ham et al., 1945; Saxena et al., 1962), and mice 
(Westfall and Hauge, 1948), and was generally accompanied by a depression in 
the digestibility of the protein in the diet.  As stated before, inhibition of growth is 
primarily due to the presence of the trypsin inhibitor, in soybean meal, a 
concomitant reduction in feed intake, impaired digestion, and absorption of 
dietary nitrogen (Nitsan and Liner, 1976; Liener, 1981).  Studies in bobwhite quail 
by Wilson et al., (1997), showed that substituting raw soybean for 66.7% 
(34.98% total raw soybean in the diet) or 100% (53.15% total raw soybean in the 
diet) of the commercial soybean meal in the diet of bobwhite chicks (1 day-old), 
resulted in a significant (P≤0.05) reduction in body weight beginning 7 days after 
the start of the experiment.  Similar reductions in body weights have been 
observed in chickens fed unheated soybean (Borchers et al., 1948; Balloun, 
1980).  Growth rate of chicks fed raw soy flakes was 7.0 g per day compared to 
17.6 g per day for chicks fed soy flakes heated for 20 min at 123.6 °C (Miles and 
Featherston, 1976).  As stated before, the anti-nutritional effects of raw soybeans 
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can be abolished, in most cases, by heat treatment of the seeds (Liener, 1981).  
However, as the animals grow older, they become much less susceptible to the 
anti-nutritional effects of raw soybeans.  Mature rats, chickens, pigs and guinea 
pigs can maintain body weight or grow equally well on diets containing raw 
soybean, heat-treated soybean or meat proteins (Patten et al., 1973; Booth et al., 
1964; Saxena et al., 1963; Danielson, 1985).  Studies made by Wood et al. 
(1971) indicate that poor nitrogen utilization and appetite depression resulting 
from raw soybean intake did not favor its inclusion before four weeks of age in 
chicks.  The growth inhibition observed in young animals given raw soybeans is 
due primarily to interference with protein metabolism (Grant et al., 1986), 
whereas weight gain in mature animals is predominantly associated with lipid 
deposition.  This age-related change in body metabolism may, explain why 
mature animals are not significantly affected by raw soybeans (Grant, 1989). 
 
Pancreas function 
Pancreatic hypertrophy is reportedly caused by an increase in enzyme 
secretion, especially trypsin and chymotrypsin, in an attempt to offset the effects 
of the trypsin inhibitor (Liener, 1981).  Feeding of raw soybeans to young rats 
(Nitsan and Liener, 1976), mice (Schingoethe et al., 1970), hamsters (Hasdai 
and Liener, 1983), guinea pigs (Patten et al., 1973), chickens and goslings 
(Nitsan and Nir, 1977) greatly increased secretion of trypsin by the pancreas.  
Feeding raw soybeans resulted in a large increase in pancreas weight of the 
chick (Miles and Featherston, 1976; Balloun, 1980).  Feeding raw soybeans 
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caused a similar increase in bobwhite quail chick pancreas weight over that of 
birds fed commercial soybean meal (Wilson et al., 1997).  These same authors 
reported that feeding 53.15% total dietary raw soybeans doubled the actual 
pancreas weight and more than tripled pancreas weight as a percentage of body 
weight in chicks (Wilson et al., 1997).  Upon reaching maturity, animals appear to 
become less susceptible to the effects of dietary raw soybeans (Grant, 1989), as 
no change in pancreas size was evident in adult guinea pigs or hamsters given 
raw soybean (Patten et al., 1973; Liener and Hasdai, 1986).  However, pancreas 
enlargement was still evident in mature rats and mice fed raw soybean (Booth et 
al., 1964; Liener and Hasdai, 1986), or in hens fed raw soybean (Bray, 1964; 
Rugler and Carrick, 1964; Summers et al., 1966).  More information is needed to 
determine the effects of long-term consumption of raw soybeans and its effects 
on different species. 
 
Reproductive effects 
The number of live piglets born to sows given raw soybeans and the 
subsequent survival and growth of the piglets were similar or slightly above that 
of controls (Crenshaw and Danielson, 1985; Newman et al; 1987).  In contrast, 
embryo implantation rate and subsequent litter size of rats was slightly reduced 
when high levels of soybean meal were fed (Drori et al., 1983).  Egg production 
of hens given diets based upon raw soybean meal is similar or poorer than hens 
given heat-treated soybean or fishmeal (Bray, 1964; Rugler and Carrick 1964;  
Nesheim and Garlich, 1966; Summers et al., 1966).  This variability in response 
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was not a result of strain differences among hens, and was probably due to 
differences in the concentration of anti-nutritional factors in the soybean samples 
used (Grant, 1989).  Studies made by Zhang et al., (1991) showed that in laying 
hens, egg production, egg weight and egg yield generally increased as dietary 
level of trypsin inhibitor decreased, while trypsin inhibitor caused no detrimental 
effects on egg specific gravity.  Embryo viability and egg hatchability were 
reduced by feeding hens raw soybeans  (Ewing, 1963).  In bobwhite quail low 
protein and / or energy in the diets led to reduced egg production and ovary 
mass, but egg mass was unaffected (Giuliano et al., 1996). There appears to be 
considerable species variation with respect to reproductive efficiency and 
subsequent progeny viability (Grant, 1989).  
 
Project Justification 
The bobwhite quail population of Ames Plantation has been decreasing in 
past years despite continuing habitat management schemes.  Un-harvested 
soybeans are left in the fields over winter to provide a supplementary feed source 
for bobwhite quail.  Chemical analysis of raw soybeans showed the presence of 
T-2 mycotoxin.  It was hypothesized that levels of T-2 toxin on the raw soybeans 
may be a contributing factor to the decreasing population of bobwhite quail.  
Studies made by Kersten (1998) indicated that bobwhite quail are more resistant 
to T-2 toxin in comparison with other animals including chickens.   There may be 
other factors contributing to the decline in quail population such as the trypsin 
inhibitor present in the raw soybean.  Studies conducted at Ames Plantation 
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show that the preference of wild bobwhite quail was to consume raw soybeans 
when available (Eubanks and Dimmick, 1974).  Soybeans comprised 38.1 % by 
volume of all foods eaten by bobwhites on the study area despite that only 13% 
of the land was devoted to soybean production. Soybean comprised 6.2% of the 
summer diet, 53.22% of the fall diet, 71.10% of the winter diet and 39.92% of the 
spring diet (Eubanks and Dimmick, 1974).   
 It is possible that the anti-nutritional factors associated with raw soybeans 
may be reducing the amount of toxin needed to cause a negative effect on 
bobwhite quail population, in addition to any anti proteolitic effects of the raw 
soybean alone.  The objectives of the following studies were: 
1) Determine the interactive effects of raw soybeans and T-2 toxin on 
feed consumption, body weight and differential white blood cell populations of 
pre-pubereal and adult bobwhite quail. 
2) Determine the interactive effect of the trypsin inhibitor found in raw 
soybeans and fungal mycotoxins on reproductive performance of female adult 
bobwhite quail. 
3)  Collect preliminary data to determine if T-2 toxin has a negative 
effect on testicular morphology in adult bobwhite quail. 
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Abstract 
This experiment was performed to determine if there is an interaction 
between raw soybean consumption and the T-2 mycotoxin found on this grain on 
mortality, food consumption, body weight and peripheral blood leukocyte 
populations.  Bobwhite quail were fed diets, containing 0, 20, 40 or 60% raw 
soybeans and orally dosed with 0, 9 or 12 mg T-2 toxin per kg body weight.  
Birds were bled seven days before initiation of T-2 toxin treatments, 24 hours 
after each T-2 toxin dose, and two weeks after the last T-2 toxin dose to observe 
changes in the peripheral leukocyte population. 
Birds dosed with 12 mg T-2 toxin per kg BW had a significant increase in 
mortality (P≤0.01) and there was a tendency for mortality to increase as the level 
of raw soybeans increased in the diets.  A significant (P≤0.05) increase in feed 
consumption was observed when any level of raw soybeans was added to the 
diets.  However, quail exposed to T-2 toxin had a tendency to decrease feed 
intake.  T-2 toxin treated females birds gained less weight (P≤0.05) than non- 
treated birds.    Total white blood cells (WBC) numbers increased (P≤0.05) when 
birds were dosed with 12 mg T-2 toxin per kg BW and had the highest total WBC 
count when these birds were also fed 60% raw soybeans.  Exposure to 12 mg T-
2 toxin per kg BW resulted in a significant (P≤0.05) increase in absolute number 
of heterophils.  In contrast monocytes from hens fed 60% raw soybeans and 12 
mg T-2 toxin per kg BW were suppressed during the dosing period. 
     These results indicate that raw soybeans and T-2 toxin may negatively 
influence performance and the immune competence of bobwhite quail.  
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Introduction 
 
 Soybeans are an excellent source of protein for animals and humans 
because of the high sulfur amino acid content (NRC, 1994).  However raw 
soybeans are known to contain anti-nutritional factors that interfere with the 
absorption of protein, depressing food intake, growth rate, and feed efficiency in 
animals (Liener, 1994).  Of these anti-nutritional factors, trypsin inhibitor has 
been reported to be the major growth-suppressant (Rackis, 1965). Trypsin 
inhibitor combines with trypsin, an enzyme necessary for proteolysis, interfering 
with the digestion of protein in the intestinal tract.  The effect of diets high in raw 
soybeans is growth inhibition and has been shown in rats (Klose et al., 1946), 
chicks (Ham et al., 1945) mice (Westfall and Hauge, 1948), and quail (Wilson et 
al., 1997).  An enlargement of the pancreas has been shown in chickens (Coates 
et al., 1970) and quail (Wilson et al., 1997).  In bobwhite quail chicks, body 
weight was reduced 7 days after receiving diets containing raw soybeans (Wilson 
et al., 1997), and pancreas weight doubled as compared to controls (Wilson, et 
al., 1997).   Even though raw soybeans are known to cause detrimental effects, it 
is also known that it is relatively easy to destroy the anti-nutritional factors by 
heat, and has permitted the popular use of soybeans as an important source of 
protein (Borchers et al., 1948; Liener, 1994). 
 Studies at Ames Plantation have shown that on a yearly basis bobwhite 
quail consume an average 38.1% of their natural diet as raw soybeans (Eubanks 
and Dimmick, 1974).  Soybeans have been routinely planted along field edges to 
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provide a winter source of feed for wild quail.  Preference for soybeans changed 
with season according to the availability of other foodstuffs.  In late spring, diets 
were reported to comprise a high percentage of insects, with raw soybeans 
comprising only 6.2% of the diet.   During the winter, consumption of raw 
soybeans increased to 71.10 % when insects and other foodstuffs were difficult 
to find (Eubanks and Dimmick, 1974). 
 T-2 toxin is a biologically active toxic fungal metabolite produced mostly by 
the species Fusarium, and belonging to a group of mycotoxins called 
trichothecenes (Purchase, 1974).  T-2 toxin production is greatest during periods 
of high humidity, rainfall, and temperatures of 6 - 24° C. (Scott, 1989).  Clinical 
signs caused by ingestion of T-2 mycotoxins have been characterized in 
domestic animals, poultry, and laboratory animals.  Toxicological syndromes 
range from acute mortality to decreased production (Corrier, 1991). The main 
effect of trichothecene mycotoxins is the inhibition of protein synthesis followed 
by a secondary disruption of DNA and RNA synthesis (Schindler 1974, 
McLaughlin et al., 1977, Mann et al., 1983).  Cells most susceptible to the action 
of trichothecenes are those having a high rate of regeneration (Terao, 1983).  T-2 
toxin has been show to cause necrosis and lymphoid depletion in the thymus, 
spleen and lymph nodes of numerous laboratory animals (Ueno, 1977; DeNicola 
et al., 1978; Hayes et al., 1980; Lutsky and Mor, 1981).  Necrosis and depletion 
of lymphocytes in the thymus, bursa of Fabricius and spleen has also been 
reported in chickens and turkey poults treated with T-2 toxin (Wyatt et al., 1973; 
Boonchuvit et al., 1975, Richard et al., 1978; Hoerr et al., 1981).  Consumption of 
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mycotoxins, at levels that do not cause overt clinical mycotoxicosis, suppressed 
immune function (Corrier, 1991).  Likewise, T-2 toxin has been shown to 
decrease resistance to infectious diseases like Salmonella, Listeria and Herpes 
simplex (Boonchuvit et al., 1975; Friend et al; 1983; Corrier and Ziprin, 1986; 
Ziprin and McMurry, 1988; and Ziprin and Elissalde, 1990).  The sensitivity of the 
immune system to mycotoxin induced immunosuppression arise from the 
vulnerability of the continually proliferating and differentiating cells that participate 
in immune mediated activities (Corrier, 1991)  
In quail, general effects following T-2 toxin consumption are reduction of 
body weight, delayed puberty, gross histological lesions of internal organs and 
white-blood-cell abnormalities (Kersten, 1998). Studies by Kersten (1998) 
showed that adult bobwhite quail  treated with intermittent and chronic doses of 
T-2 toxin had significant microscopic lesions of spleen, thymus, and bursa of 
Fabricius; and moderate microscopic lesions of liver, intestine, and kidney.  
Separate studies by Kersten, (1998) showed that T-2 toxin decreased the 
percent population (in 100 WBC) of monocytes (P≤0.01) and lymphocytes but 
caused an increase in the heterophil percent population.  
Recent analysis of unharvested raw soybeans at Ames Plantation showed 
the presence of 800 parts per billion (ppb) T-2 toxin (Kersten, 1998).  This finding 
suggests that the practice of over-wintering soybeans as a wild quail feed- 
source may be detrimental, and may be partially responsible for the decline in the 
population on the plantation (Dimmick, 1992).  
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Studies done by Chi et al (1977 a, b) Ueno, (1983) and Ryu et al., (1987) 
identified the single oral dose of T-2 toxin that resulted in 50% mortality of the 
affected population (LD50) in chickens.  The LD50 for 8 week-old broiler chickens 
and laying hens was 5.0 and 6.3 mg per kg of body weight (BW) respectively.  
LD50 values for other species are reported to be 10.5 mg per kg of BW in mice, 
3.06 mg per kg of BW in guinea pigs, 5.2 mg per kg of BW in rats, 6.1 mg per kg 
of BW in trout (Ueno, 1983; Ryu et al., 1987), and 1.21 mg per kg of BW in pigs 
(Weaver et al., 1978).   In adult bobwhite quail the LD50 appears to be 14.7 mg 
per kg of BW (Kersten 1998), showing that pen raised bobwhite quail are more 
resistant to T-2 toxin than other experimental animals including chickens. 
 
The objective of the following experiment was to determine if there is an 
interactive effect between T-2 mycotoxin and the consumption of raw soybeans 
on mortality, food consumption, body weight and peripheral leukocyte 
populations. 
 
Materials and Methods 
 
Birds / raw soybean diets 
Four hundred fifty mixed sex bobwhite quail chicks (Colinus Virginianus) 4 
weeks of age were grown in Petersime starter batteries (Petersime Co., 
Gettysburg, OH).  Chicks were fed a commercial grower diet  (Co-op game bird 
grower-crumble, Lavergne, TN) and were exposed to 8 hours of light per day.  
Feed and tap water were available for ad libitum consumption.  During the 
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grower period, birds were handled on a weekly base to acclimate the birds, and 
reduce future handling stress. 
 At 19 weeks of age 409 birds were randomly assigned to one of four 
grower diets, containing 0, 20, 40, or 60% raw soybeans (Table 2-1).  Diets were 
formulated to be isonitrogenous and isocaloric, containing 2,860 Kcal per kg, and 
24% crude protein.   Each treatment consist of 6 replicate pens of 14 - 16 birds 
each, of equal number of male and female birds, for a total of 84 - 96 birds per 
treatment.  Birds were provided feed and water ad libitum.  Light exposure was 
kept at 8 hrs per day to delay puberty.  Birds were fed these diets for 8 weeks to 
determine if feeding raw soybeans would cause a reduction in body weight 
during the pre-puberal period.  Body weight was measured initially and after 4 
and 8 weeks.  Mortality was recorded daily and feed consumption weekly. 
 
T-2 toxin treatments  
 At 27 weeks of age birds were changed to a breeder diet containing the 
same amount of raw soybeans as the grower diets (0, 20, 40, 60%) but with 
increased calcium to support egg production (Table 2-2).  As before, breeder 
diets were formulated to be isonitrogrenous and isocaloric, containing 2,860 Cal 
per kg, 28% crude protein, 3% calcium, and 0.9% of phosphorus.  Light exposure 
was raised to 16 hours per day to induce puberty.  Birds were allowed ad libitum 
access to food and water.   After a week of acclimation, dietary treatments were 
sub-divided to include oral exposure to T-2 toxin. For each level of raw soybeans, 
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Table 2-1.  Composition of grower diets containing different levels of raw 
soybeans. 
 
INGREDIENT 
 
 
0% Raw 
Soybean 
 
 
20% Raw 
Soybean 
 
40% Raw 
Soybean 
 
60% Raw 
Soybean 
Raw Soybean --- 20.00 40.00 60.00 
Soybean Oil meal  
(48% Cr. Protein) 
41.28 24.16 9.46 --- 
Yellow Corn 26.27 21.74 15.00 0.06 
Red Millet 15.00 15.00 14.06 --- 
Alfalfa Meal (17% Cr. Protein) --- 5.00 3.87 --- 
Rice Hulls --- --- 5.00 15.83 
Sand 7.01 7.00 7.00 13.00 
Vegetable Fat 6.16 3.09 1.50 6.61 
Dicalcium Phosphate. 2.01 1.96 1.92 2.05 
Limestone 0.94 0.75 0.74 0.72 
Vitamin Premix 1 0.50 0.50 0.50 0.50 
Salt-Iodized 0.30 0.30 0.30 0.31 
DL-Methionine 0.20 0.30 0.25 0.43 
Trace Mineral Mix 2 0.20 0.20 0.20 0.20 
Choline Chloride (60%) 0.13 --- --- 0.10 
L, Lysine 
 
Calculated Nutrient Content 
--- --- --- 0.20 
Crude Protein (%) 24.00 24.00 24.00 24.00 
Metabolizable Energy (Kcal/kg) 2860 2860 2860 2860 
Calcium (%) 0.85 0.85 0.85 0.85 
Total Phosphorus (%) 0.75 0.75 0.75 0.75 
1 Vitamin Premix provided the following per kg of diet: Vitamin A 14,982 IU, vitamin D3 
1,248 IU, Vitamin E 45.4 IU, ascorbic acid (vitamin C) 90.8 mg, menadione (vitamin K3) 
2.2 mg, niacin 90.8 mg, D-Pantothenic acid 19.9 mg, Riboflavin 12.49 mg, thiamine 
monohydrate 4.54 mg, pyridonine hydrochloride 4.54 mg, vitamin B12 0.045 mg, folic 
acid 2.2 mg, D-Biotin 0.272 mg, and selenium 0.135 mg. 
 
2 Trace mineral premix provided the following per kg of diet: Copper 7.9 mg, manganese 
66 mg, zinc 50 mg, Iodine 0.20 mg, sodium 630 mg, and chlorine 970 mg. 
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Table 2-2.  Composition of breeder diets containing different levels of raw 
soybeans. 
 
INGREDIENT 
 
0% Raw 
Soybean 
 
 
20% Raw 
Soybean 
 
40% Raw 
Soybean 
 
60% Raw 
Soybean 
Raw Soybean --- 20.00 40.00 60.00 
Yellow Corn 38.68 21.02 5.66 --- 
Soybean Oil Meal  
(48% Cr. Protein) 
40.77 32.02 13.25 0.06 
Menhaden Fish Meal 7.91 1.00 1.95 1.31 
Alfalfa Meal (17% Cr. protein) --- 7.00 7.00 --- 
Corn Gluten Meal (60% protein) --- 1.00 2.75 5.00 
Red Millet --- 3.39 10.00 3.33 
Steamed Bone Meal 2.00 3.00 3.00 3.75 
Rice Hulls --- 8.41 6.91 8.45 
Sand --- --- --- 9.00 
Dicalcium Phosphate 0.33 0.52 0.38 --- 
Trace Mineral 0.20 0.20 0.20 0.20 
Salt-Iodized 0.30 0.30 0.30 0.31 
Dl Methionine --- 0.05 0.05 0.05 
Limestone 5.19 5.05 4.94 4.94 
Vitamin Premix 0.50 0.50 0.50 0.50 
Choline Chloride (60%) 0.11 0.12 0.11 0.11 
Vegetable Fat 
 
Calculated Nutrient Content 
4.00 4.00 3.00 3.00 
Crude Protein (%) 28.00 28.00 28.00 28.00 
Metabolizable Energy (Kcal/kg) 2860 2860 2860 2860 
Calcium (%) 3.00 3.00 3.00 3.00 
Total Phosphorus (%) 0.9 0.9 0.9 0.9 
1 Vitamin Premix provided the following per kg of diet: Vitamin A 14,982 IU, vitamin D3 
1,248 IU, Vitamin E 45.4 IU, ascorbic acid (vitamin C) 90.8 mg, menadione (vitamin K3) 
2.2 mg, niacin 90.8 mg, D-Pantothenic acid 19.9 mg, Riboflavin 12.49 mg, thiamine 
monohydrate 4.54 mg, pyridonine hydrochloride 4.54 mg, vitamin B12 0.045 mg, folic 
acid 2.2 mg, D-Biotin 0.272 mg, and selenium 0.135 mg. 
 
2 Trace mineral premix provided the following per kg of diet: Copper 7.9 mg, manganese 
66 mg, zinc 50 mg, Iodine 0.20 mg, sodium 630 mg, and chlorine 970 mg. 
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birds were assigned to receive 0, 9 or 12 mg of T-2 toxin per kg BW.  Each 
treatment consisted of 2 replicate pens of 14 - 16 females and an equal number 
of males per pen.  For this experiment, only female birds were dosed, resulting in 
a total of 14 - 16 female birds treated with T-2 toxin per dietary level of soybean.  
T-2 toxin (Sigma, St. Louis, MO) was dissolved in 100% ethanol, and brought to 
volume in corn oil.  Concentrations of T-2 toxin were administrated by oral 
gavage.  Control birds received 30% ethanol, and 70% corn oil.  Originally, hens 
were to receive 0, 12, or 16 mg T-2 toxin per kg BW, however following week 1, 
the birds were so weak that a decision was made to not dose the birds on week 
2, and resume dosing on week 3.  Therefore final dosage of T-2 toxin per kg BW 
administered was 0, 9, and 12 mg.  T-2 toxin was administrated over a four-week 
period (no dose in the second week), 1/3 of the dose per week, on days 1, 15, 
and 22.    Body weight was recorded weekly, one day before T-2 toxin treatment,  
on days 0, 7, 14, 21 during the dosing period, and 14 days following the dosing 
period on day 35.  Mortality was recorded daily and feed consumption weekly. 
    
Blood analysis 
 Blood was collected from birds to compare the effect of T-2 toxin on 
differential white blood cell (WBC) counts.  Blood was collected from birds one 
week before (-7) exposure to T-2 toxin to establish base line values, and then on 
days 2, 9, 16, 23, (24 hours after each T-2 exposure) and 37 (2 weeks after last 
T-2 exposure).  Sixty randomly chosen birds, 5 per treatment, were used for 
blood collection.  The same birds were bled at each collection unless they died or 
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were too sick to be used in the experiment.  Blood was collected by jugular 
venipuncture with a 3 ml syringe washed with 5% heparin (100 units per ml).  
Approximately 0.3 ml of blood was collected. Blood smears were immediately 
prepared using a standard two-slide wedge technique and left to dry (Campbell, 
1988).  Blood smears were used to count differential WBC populations 
(heterophils, monocytes, lymphocytes, eosinophils and basophils).  Residual 
blood was used to count total numbers of WBC in order to determine actual 
numbers of WBC types from the total population. 
 To count total white blood cells (WBC), blood was diluted 1/200 with Natt 
and Herricks Solution (Campbell, 1988), and total WBC count was obtained by 
counting all leukocytes in the nine large squares of the ruled area of a 
hemacytometer chamber.  Leukocytes stain a dark blue and may appear 
granular.  The total WBC count was calculated using the following formula: 
Total WBC=(# leukocytes in 9 squares + 10% of total WBC) x 200 (the dilution) 
To count differential WBC populations; dried blood smears were stained 
with Wright Giemsa stain (Comco quick stain II, buffered differential stain, Baxter, 
IL, catalog# B4129) for 10 seconds following a 20 second wash in distilled water.  
A total of 100 cells including lymphocytes, heterophils, monocytes, eosinophils 
and basophils were counted per slide per bird, under oil immersion (100x) and 
recorded as relative percentage of 100 WBC, using a Nikon Eclipse E800 
microscope (Marietta, GA). 
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Experimental Design and Statistical Analysis 
 
  The experimental data was analyzed using either the Mixed or GLM 
procedure of the computer statistical software package, SAS, version 8 (The 
SAS Institute, 1999).  The experimental design used was a split-split plot with 
repeated measures over time.  Differences among treatment means were 
determined using Fishers Least Significant Difference Test or Tukeys 
Studentized Range Test where appropriate.  Significance was declared at 
P≤0.05. 
 
Results 
 
Mortality 
 
 
 Inclusion of raw soybeans in the diet of adult bobwhite quail did not 
significantly impact mortality, however mortality increased after treatment with T-
2 toxin.  Mortality of bobwhite quail fed 0, 20, 40, or 60% raw soybeans was 17.3, 
14.6, 22.4 and 13.7% respectively.  Birds dosed with 12 mg T-2 toxin per kg BW 
had a highly significant increase in mortality as compared to control birds (0 mg 
T-2 toxin per kg BW) or birds dosed with 9 mg T-2 toxin per kg BW (Table 2-3).  
However there was no difference in mortality between birds dosed with 0 mg T-2 
toxin per kg BW as compared to birds dosed with 9 mg T-2 toxin per kg BW.  
Five of the 68 birds (7.4%) dosed with 0 mg T-2 toxin per kg BW died during the 
dosing period, while 7 of 66 (10.6%) and 22 of 66 birds (33.3%) dosed with 9, or 
12 mg T-2 toxin / kg BW respectively died during the same period. 
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Table 2-3.  Mortality of adult bobwhite quail dosed with 0, 9, or 12 mg T-2 toxin / 
kg BW.  
T-2 Toxin   
(mg / kg BW) 
Mortality  
(%)          ± SE 
0   7.4 B          ±0.04 
9 10.6 B          ±0.04 
12 33.3 A          ±0.04 
A-B Means in the same column with different superscripts are significantly different (P≤ 0.01). 
SE = Pooled standard error of the mean. 
 
 
While the amount of raw soybeans did not affect mortality, there was a 
significant soybean by T-2 toxin interaction (Table 2-4). Between birds dosed 
with 12 mg T-2 toxin per kg BW mortality increased slightly (P≤0.2) as level of 
raw soybean increased in the diet (0, 20, 40%).  Mortality was highest (44%) 
among birds dosed with 12 mg T-2 toxin per kg BW and fed 40% raw soybeans 
as compared to birds fed any dietary level of raw soybeans and dosed with 0 mg 
per kg BW.  These birds also had a significantly higher mortality rate than birds 
fed 20 or 60% raw soybeans and dosed with 9 mg T-2 toxin per kg BW.  Mortality 
was lowest among birds fed any dietary level of raw soybean (0, 20, 40, 60%) 
and exposed to 0 mg T-2 toxin per kg BW or among birds fed 20% raw soybean 
and exposed to 9 mg T-2 toxin per kg BW.   The majority of deaths occurred 
during the first week of the dosing period (Table-2-5). 
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Table 2-4.  Mortality of adult bobwhite quail fed 0, 20, 40, or 60% raw soybeans 
and dosed with 0, 9 or 12 mg T-2 toxin / kg BW. 
 
Raw Soybean  
 
(%) 
 
T-2 toxin 
 
(mg/kg BW) 
 
Mortality 
  
(%)            ±SE 
 0                11.1 BCD       ±0.07 
0 9                17.6 ABCD      ±0.07 
 12                23.5 ABCD     ±0.07 
 0                6.3   CD         ±0.07 
20 9                0.0   D          ±0.07 
 12                37.5 AB        ±0.07 
 0                5.8   CD         ±0.07 
40 9                18.8 ABCD     ±0.07 
 12                43.8 A           ±0.07 
 0                5.8   CD         ±0.07 
60 9                5.8   CD         ±0.07 
 12                31.3 ABC       ±0.07 
A-D Means with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean
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Feed Consumption 
 
 
 Feed consumption significantly increased among birds fed grower diets 
containing any level raw soybean (20, 40, 60%) as compared to birds fed the 
control diet containing 0% raw soybean (Table 2-6).  Birds were fed soybean 
diets for 8 weeks.  This increase in feed consumption was observed only during 
the first two months of the experiment when birds were fed the grower diet, and 
had not yet been exposed to T-2 toxin.  No differences in feed consumption due 
to diet, T-2 treatment or their interaction was found when birds were fed breeder 
diets, however there was a tendency (P≤0.2) for animals exposed to T-2 toxin to 
decrease feed intake (Table 2-7).  
 
Body Weight Change 
 
Grower diet 
 Even though feed consumption increased with each level of dietary 
soybean (20, 40, or 60%) there was not a concomitant increase in body weight 
during the pre-puberal grower period (Table 2-8).  Females lost body weight as 
 
Table 2-6. Feed consumption of adult bobwhite quail fed with the grower diets 
containing different concentration of raw soybeans (0, 20, 40 or 60%). 
Raw Soybeans  
(%) 
Feed consumption 
(g / bird / day)    ±SE 
0 13.8B        ±0.2 
20 14.3A        ±0.2 
40 14.3A        ±0.2 
60 14.6A        ±0.2 
A-B Means with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean 
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compared to males, who had a tendency to gain weight (Table 2-8).  Body weight 
change was influenced by time where females lost significantly more weight 
during the first month of the experiment as compared to the second month.  
Males gained significantly more weight during the first month of dietary treatment 
as compared to the second month.   During the first month there was a significant 
decrease in female body weight when birds were fed 20 and 60% raw soybean 
as compared to birds fed 0% raw soybean (Table 2-8).  There were no other 
differences between females or males due to the diet-time interaction.  
 
Breeder diet: untreated males 
 
 During the T-2 toxin treatment period, untreated male body weight was 
not influenced by the raw soybean concentration in the breeder diet (data not 
shown).  As would be expected, significant differences between male and female 
body weight change was observed (Table 2-9).  Overall, females exposed to 
soybeans and T-2 toxin treatments gained significantly more weight as compared 
to the males who lost or maintained body weight.  
 
Table 2-9.  Body weight change of male quail fed breeders diets containing raw 
soybeans and females fed the same diets and dosed with T-2 toxin, during the 
dosing period and 14 days after last dose of T-2 toxin (6-weeks). 
Sex Body weight change  
(g)          ±SE 
F   3.28 A       ±0.46 
M  -0.47 B       ±0.47 
A-B Means with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean 
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Breeder diet: T-2 toxin treated females 
 
 As expected dietary raw soybeans did not influence overall body weight 
change of female bobwhite quail (Table 2-10).  However, during the first week 
after exposure to T-2 toxin, and 2 weeks after the final exposure to T-2 toxin, 
hens lost more weight or gained less than untreated controls due to raw soybean 
diets (Table 2-10). One week after the first T-2 toxin treatment, hens fed 60% raw 
soybeans lost significantly more weight than hens fed 20% raw soybeans, but not 
any other treatment group.  Two weeks after final exposure to T-2 toxin hens fed 
20, 40, or 60% raw soybean diets regardless of T-2 toxin treatment gained less 
than hens fed 0% raw soybean. 
Analysis of main effects due to T-2 toxin treatment showed that females 
dosed with 12 mg T-2 toxin per kg BW gained less weight as compared to control 
birds (0 mg per kg BW) when it was administered once a week for a 28 day 
period (Table 2-11).  Significant differences by week were found on day 7 and 21 
where hens dosed with 12 mg per kg BW lost more or gained less weight as 
compared to controls.  Because of the decision to skip the second dose all birds 
gained weight during the second week and there was not a significant difference 
between treated birds and the control group on day 14.  By week 3, day 21, hens 
dosed with either 9 or 12 mg T-2 per kg BW gained significantly less weight 
compared to the control group.     
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Table 2-11.  Body weight change of female bobwhite quail during the T-2 toxin 
treatment period and two weeks after the last exposure. 
 
T-2 toxin  
(mg/kg BW) 
Days following initiation of 4 week dosing period 
     day 7            day 14          day 21             day 35            Mean 
 (g    ±SE)            (g    ±SE)          (g    ±SE)             (g    ±SE)            (g    ±SE) 
0  -7.8A   ±1.7 13.4A   ±1.7 14.0A   ±1.8 2.1A   ±1.7 4.3A    ±0.6 
9  -9.7A   ±1.7 16.6A   ±1.7 7.7B    ±1.7 0.9A   ±1.9 3.0AB   ±0.8 
12 -17.5B   ±1.9 16.2A   ±2.0 8.1B    ±2.0 4.9A   ±2.1 1.6B    ±0.9 
A-B Means in the same column with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean. 
 
 
 
Interactive effects between dietary level of raw soybeans and T-2 toxin 
caused mixed, though significant changes in body weight.  Female body weight 
was significantly reduced when hens were fed 60% raw soybeans and dosed 
with 12 mg T-2 toxin per kg BW as compared to birds fed 20 or 40% raw 
soybeans and dosed with 0, or 9 mg T-2 toxin per kg BW respectively (Table 2-
12). 
When data was analyzed by week during the T-2 toxin-dosing period, a 
significant soybean T-2 toxin interaction was also observed (Table 2-12).  Seven 
days after the first dose of T-2 toxin a significant decrease in body weight gain 
was observed among birds fed 60% raw soybean and dosed with 12 mg T-2 
toxin per kg BW as compared to birds fed 20, or 40% of raw soybean and dosed 
with 9 or 0 mg T-2 toxin per kg BW respectively.   On day 14  (seven days after 
the planned second dose) no differences were observed in body weight change 
due to the diet-treatment interaction.  As before, the second T-2 toxin dose was 
skipped, so changes in body weight were not expected.  Seven days after the  
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third dose birds fed the control diet (0% raw soybeans) and exposed to 9 mg T-2 
toxin per kg BW showed a significant decrease in body weight gain as compared 
to birds dosed with 0 mg T-2 toxin per kg BW and feed 0, 20, 40 or 60% raw 
soybean.  Fourteen days after the fourth dose birds fed 60% raw soybean and 
dosed with 0 or 9 mg T-2 toxin per kg BW gained less than birds fed 0% raw 
soybean and dosed with 9 or 12 mg T-2 toxin per kg BW or birds fed 20% raw 
soybean and dosed with 0 mg T-2 toxin per kg BW.  Even though differences 
were not found, generally, as dietary soybean level increased, gains among T-2 
toxin treatment group were less or negative. 
 
 
Blood Analysis 
 
 
Total White blood cells 
When total white blood cells (WBC) was examined during the treatment 
period, a significant increase in total WBC was evident (Table 2-13).  Total 
numbers of WBC were lowest on the day before the first exposure to T-2 toxin 
(base Line).  Following initiation of T-2 toxin exposure, total WBC population 
significantly increased, peaked after the second dose (day 9) and remained high 
during the dosing period.  Two weeks following the end of T-2 toxin exposure 
(day 37), the total WBC population was still significantly higher than base line 
values, but was less than peak values reached during the dosing period. 
Hens fed diets containing 40 or 60% raw soybeans tended (P≤ 0.15) to 
have a higher total WBC count as compared to those fed 0 or 20% raw soybean 
diets (Table 2-14). 
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Table 2-13.  Overall total WBC population according to treatment period. 
Days following first 
exposure to T-2 toxin 
Total WBC population 
(103 / mm3          ±SE) 
          Day  -7                               16.58 C         ±2.1 
          Day   2                               31.01 B         ±2.1 
          Day   9                               41.29 A         ±2.1 
          Day  16                               37.20 A         ±2.1 
          Day  23                                36.93 A         ±2.1 
          Day  37                               30.03 B         ±2.1 
A-C Means with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean. 
 
As was expected overall mean white blood cell numbers were affected by 
T-2 toxin treatments, and were higher among quail dosed with 12 mg T-2 toxin 
per kg BW as compared to control birds (Table 2-15).  Analysis of the treatment 
by time interaction showed a significant difference in white blood cell count only 
after the first dose (day 2) (Table 2-15).  On that day, birds treated with 12 mg T-
2 toxin per kg BW showed a significant increase in total white blood cells as 
compared to birds treated with 0 or 9 mg T-2 toxin per kg BW.  No differences in 
white blood cell numbers due to T-2 toxin were found after the remaining doses 
or 2 weeks after the final dose (Table 2-15).  Total WBC counts increased among 
all groups during the T-2 toxin treatment period. 
A significant interaction between the concentration of raw soybeans in the 
diet and treatment with T-2 toxin was found for total numbers of white blood cells 
(Table 2-16).  Bobwhite quail fed 60% raw soybeans and dosed with 12 mg T-2  
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toxin per kg BW had significantly more total white blood cells as compared to 
quail fed control (0%) and 20% raw soybean diets and dosed with 0 mg T-2 per 
kg BW.  Similarly, quail fed 60% raw soybeans and dosed with 12 mg T-2 toxin 
per kg BW had more total white blood cell as compared to quail fed 0% raw 
soybeans and dosed with 9 mg per kg BW of T-2 toxin.  Quail from the 60% raw 
soybean / 12 mg T-2 toxin group had the highest numerical total white blood cells 
count. 
  
Differential Leukocyte Counts 
 
Overall, differential white blood cell populations changed significantly 
during the T-2 toxin-dosing period (Table 2-17).  Absolute numbers of basophils 
(Figure 2-1A); (Figures can be found in the appendix), eosinophils (Figure 2-1B) 
and lymphocytes (Figure 2-1C) were lowest 7 days before exposure to T-2 toxin 
(base line) and increased significantly during the exposure period.  Two weeks 
following the end of T-2 toxin treatments (day 37), absolute numbers of 
basophils, eosinophils and lymphocytes had decreased, and were not different 
than pre-exposure values.  Absolute number of monocytes (Figure 2-2A) and 
heterophils (Figure 2-2B) significantly increased during the dosing period but 
were still significantly elevated two weeks following the T-2 toxin exposure.   
Except for the total number of basophils and eosinophils there were no 
overall changes in differential WBC populations as a result of dietary soybean 
treatment (Table 2-18).  Absolute total numbers of basophils and eosinophils  
 65
Table 2-17.  Changes in differential leukocyte populations of female bobwhite 
quail according to treatment period.  (Base line = day 7). 
    
Days 
relative to 
T-2 toxin 
treatments 
 
Basophils 
 
 
 
(103/mm3)   ±SE 
 
Eosinophils 
 
 
 
(103/mm3)   ±SE 
 
Lymphocyte 
 
 
 
(103/mm3)   ±SE 
 
Monocytes 
 
 
 
(103/mm3)   ±SE 
 
Heterophils 
 
 
 
(103/mm3)   ±SE 
Day  -7 0.29 D   ±0.1 0.40 C   ±0.1 7.35 C   ±1.1 1.62 C   ±0.5   6.73 B  ±1.0 
Day   2 0.58 BC  ±0.1 0.97 B   ±0.1 9.64 C   ±1.1 5.48 B   ±0.5 14.16 A  ±1.0 
Day   9 0.87 A   ±0.1 1.93 A   ±0.1 17.04 A  ±1.1 7.59 A   ±0.5 13.85 A  ±1.0 
Day  16 0.72 AB  ±0.1 0.99 B   ±0.1 13.94  B  ±1.1  6.30 AB  ±0.5 15.25 A  ±1.0 
Day 23 0.77 AB  ±0.1 0.91 B   ±0.1 15.19 AB ±1.1 4.93 B   ±0.5 15.13 A  ±1.0 
Day 37 0.42 CD  ±0.1 0.76 BC ±0.1 9.54 C   ±1.1 5.48 B   ±0.5 13.82 A  ±1.0 
A-D Means in the same column with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean. 
 
  
 
Table 2-18.  Overall average absolute leukocyte populations of female bobwhite 
quail fed different concentrations of raw soybean. 
Raw 
Soybean 
(%) 
Basophils 
 
(103/mm3)   ±SE 
Eosinophils 
 
(103/mm3)  ±SE 
Lymphocytes
 
(103/mm3)   ±SE 
Monocytes 
 
(103/mm3)  ±SE 
Heterophils 
 
(103/mm3)  ±SE 
0 0.44B   ±0.1 0.76B   ±0.1 12.05A  ±1.0 5.01A   ±0.4 12.35A  ±1.0 
20 0.62AB  ±0.1 0.82B   ±0.1 11.34A  ±1.0 4.87A   ±0.4 12.92A  ±1.0 
40 0.67A   ±0.1 0.86AB  ±0.1 12.58A  ±1.0 5.42A   ±0.4 12.83A  ±1.0 
60 0.70A   ±0.1 1.27A   ±0.1 12.50A  ±1.0 5.64A   ±0.4 14.53A  ±1.0 
A-B Means in the same column with different superscripts are significantly different (P≤ 0.05) 
±SE =Pooled standard error of the mean. 
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increased significantly as concentration of raw soybean in the diet increased, and 
were higher among birds eating 60% soybean diets as compared to those eating 
0% soybean diets (basophils and eosinophils) or 20% soybean diets 
(eosinophils). 
Absolute numbers of leukocytes except for heterophils were not affected 
by T-2 toxin treatment even through numerically monocytes and lymphocytes in 
the blood increased slightly (P≤0.2) due to T-2 toxin treatments (Table 2-19).  
Absolute numbers of heterophils were higher after exposure to 12 mg T-2 toxin 
per kg BW as compared to control birds.  No differences were observed between 
control birds and those dosed with 9 mg T-2 toxin per kg BW. 
Overall, there was no diet-treatment interaction for differential leukocyte 
populations, except for heterophils (Table 2-20 - 2-29).  However, numbers of 
monocytes, either as a percentage of WBC or total WBC, and percentage of  
lymphocytes had  a  tendency (P≤0.3)  to decrease during the dosing period.   
 
 
Table 2-19.  Average absolute leukocyte populations of female bobwhite quail 
exposed to different levels of T-2 toxin (mg/kg BW). 
T-2 toxin 
(mg/kg BW) 
Basophils 
 
(103/mm3)  ±SE 
Eosinophils 
 
(103/mm3)  ±SE 
Lymphocytes
 
(103/mm3)  ±SE 
Monocytes 
 
(103/mm3)  ±SE 
Heterophils 
 
(103/mm3)  ±SE 
0 0.60A  ±0.1 0.93A  ±0.1 11.65A  ±0.9 5.00A  ±0.4 11.43B   ±0.9
9 0.65A  ±0.1 0.98A  ±0.1 11.67A  ±0.9 5.04A  ±0.4 13.20AB  ±0.9
12 0.58A  ±0.1 0.80A  ±0.1 13.03A  ±0.9 5.66A  ±0.4 14.84A   ±0.9
A-B Means in the same column with different superscripts are significantly different (P≤ 0.05) 
±SE = Pooled standard error of the mean.  
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Generally effects caused by T-2 toxin were magnified by raw soybean diets, 
increasing numerically the individual leukocyte population.      
Interactions between raw soybeans and T-2 toxin caused a significant 
increase in the total numbers of heterophils (Table 2-22).  Quail fed 0, 20, 40, or 
60% of raw soybeans and dosed with 0 mg of T-2 toxin had significantly lower 
numbers of total heterophils as compared to birds fed 60% raw soybean and 
treated with 12 mg T-2 toxin per kg BW.  Hens exposed to 9 or 12 mg T-2 toxin 
per kg BW, regardless of diet, had an increased number of heterophils, however 
the numbers were not significantly higher (P≤0.2).   In general, total numbers of 
heterophils increased as T-2 toxin doses increased, and were the highest when 
hens were fed 60% raw soybeans.  Mixed differences were noted during the 
dosing period, where hens dosed with the higher levels of T-2 toxin (12 mg T-2 
toxin per kg BW) and fed the higher soybean (60%) diet had more total 
heterophils than hens either not dosed or dosed with 9 mg T-2 toxin per kg BW 
and fed any percentage of soybean. 
                                                              Discussion 
Mortality 
 
The raw soybean anti-nutritional factor known as trypsin inhibitor, 
depresses proteolytic activity and decreases free amino acids in the small 
intestine, causing malapsorption of nutrients (Han et al., 1991), but has not been 
shown to increase morality rate.  Further, the adverse effects of trypsin inhibitor 
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found in raw soybeans affect young animals but does not seem to affect the 
adults (Saxena et al., 1963; Booth 1964 and Patten, 1973).  
Effects of animal exposure to T-2 toxin had been well documented, and 
are known to be highly toxic and increase animal mortality.  Chi et al., (1977a,b) 
reported that the single oral LD50 was 5 mg per kg BW for one-day-boiler chicks, 
5 and 6.3 mg per kg BW for 8 week-old broiler chicks and laying hens 
respectively.  Ueno et al., (1983) and Ryu et al., (1987) reported that the LD50 
was 10.5 mg per kg BW in mice, 3.06 mg per kg BW in guinea pigs 5.2 mg per 
kg BW in rats and 6.1 mg per kg BW in tout.  Kersten (1998) reported that the 
LD50 for bobwhite quail was 14.7mg T-2 toxin per kg BW.  Ruff et al., (1992) 
reported that feeding bobwhite quail 8 and 16 ppm T-2 toxin produce 20% and 
22% mortality respectively.    Kerstens (1998) study showed no morality among 
bobwhite quail hens dosed intermittently over a 4-week period, 1/4th dose per 
week, and exposed to 0, 12.4, 14.0 or 15.5 mg T-2 toxin per kg BW.  In contrast, 
when birds were chronically exposed by feeding 0, 12, 16, or 20 mg T-2 toxin per 
kg feed mortality was 0, 6, 10, and 13% respectively.  In our study, birds dosed 
weekly with 1/3 of the dose for 4 weeks for a total of 9 and 12 mg T-2 toxin per 
kg BW resulted in a mortality of 10.6 and 33.3% respectively.  This is in contrast 
to the intermittent study of Kersten (1998) were no bird died when exposed to as 
much as 15.5 mg T-2 toxin per kg BW over a four week period.  This difference 
may be due to the higher amount of alcohol used to dissolve the T-2 toxin in our 
experiment as compared with Kersten (1998) and the T-2 toxin used was from a 
different lot.  Further, we found that T-2 toxin in lower concentrations can 
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increase mortality if it is given intermittently.  Importantly, results form these two 
studies show that quail have a big range of susceptibility to T-2 toxin.          
 There appears to be no literature that describes the interactive effect of T-
2 toxin and raw soybeans on mortality.  The raw soybean anti-nutritional factor, 
(trypsin inhibitor), strongly inhibit the action of the enzyme trypsin so that dietary 
protein cant be degraded to single amino acids, and these decreases the 
absorption of nutrients (Liener, 1994).  T-2 mycotoxin reacts with peptidyl 
transferase on the ribosome and inhibits protein synthesis by the inhibition of the 
transpeptidation of the peptide bond process (McLaughlin et al., 1977).  In our 
experiment, birds fed a higher percentage of raw soybeans and treated with T-2 
toxin had a slightly increased rate of mortality.  This indicates that raw soybeans 
and T-2 toxin may have an additive effect, and that even if not significantly 
different there was a tendency to increase mortality among T-2 toxin treatments 
when hens were fed raw soybeans.  This may cause wild birds to be more 
susceptible to fungal mycotoxins when eating raw soybeans.  
 
Feed Consumption 
 
 Limited information exists regarding the ability of raw soybeans to 
influence feed consumption. Wilson et al., (1997) reported a significant decrease 
in feed consumption among bobwhite quail chicks fed 53% dietary raw soybeans 
and a significant increase in feed consumption when fed 35% dietary raw 
soybeans as compared to birds feed 0% raw soybeans  (Wilson et al., 1997).  In 
this experiment the authors concluded that the results were not consistent due to 
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feed wastage, and that higher levels of raw soybeans tended to decrease 
consumption.  These results disagree with our experiment where pre-puberal 
bobwhite quail fed diets containing any level of raw soybeans (20, 40, 60%) 
increased food consumption compared to the control group.   This indicates that 
bobwhite quail may find diets containing raw soybeans more palatable, or that 
there could be a direct effect of the anti-nutritional factor in the raw soybean that 
caused the birds to increase feed consumption to meet their nutrient needs.   
 The ability of T-2 toxin to decrease feed consumption had been well 
documented.  Chicks fed diets containing T-2 toxin reduced feed consumption 
(Wyatt et al., 1972; Chi et al., 1977b) and were more sensitive to dietary T-2 toxin 
during the first three weeks of age (Chi et al., 1977b).  The same results were 
observed in bobwhite quail, as Kerstens (1998) study showed that ingestion of 
any dietary level of T-2 toxin (0, 12, 16, 20 mg T-2 per kg feed) significantly 
decreased feed consumption.  Previous studies have reported that commercial 
poultry, broiler chickens, laying hens and quail, develop oral lesions when 
exposed to T-2 toxin (Wyatt et al., 1973; Chi et al., 1978; and Kersten, 1998).  
These oral lesions make feeding painful and cause a decrease in feed 
consumption (Chi et al., 1978).  Similar results were observed in our experiment 
were birds exposed to T-2 toxin developed oral lesions, and as a result were 
observed to decrease feed intake as T-2 toxin levels increased.  No differences 
in feed consumption due to the raw soybean-T-2 toxin interaction were observed. 
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Body Weight Change 
 
 Results of previous experiments showed that raw soybeans have a 
negative effect on chick body weight gain (Saxena et al., 1962; Yen et al., 1973 
and Han 1991).  Because the raw soybean trypsin inhibitor depresses proteolytic 
activity in the small intestine (Han et al., 1991), it is one of the major growth 
inhibitors present in raw soybean (Rackis, 1965).   Inclusion of raw soybeans in 
diets inhibits the growth of young animals (Grant, 1989) and has also been 
shown in rats (Klose et al., 1946) chicks (Ham et al., 1945) mice (Westfall and 
Hauge, 1948) and bobwhite quail (Wilson et al., 1997).  However, as the animal 
grows older it, becomes less susceptible to the ant-nutritional effect of raw 
soybeans (Liener, 1994).  Mature, chickens, pigs and rats can maintain body 
weight, and grow equally well on diets containing raw soybeans (Saxena et al., 
1963; Booth et al., 1964; and Patten et al., 1973).  The growth inhibition of the 
trypsin inhibitor, observed in young animals given raw soybeans, is due primary 
to interference with protein metabolism, while in mature animals growth is 
predominantly associated with lipid deposition (Grant et al., 1986).  This age-
related change in metabolism may explain why in our experiment no differences 
were observed in body weight due to dietary raw soybean in pre-puberal birds 
(19 weeks), puberal males (27 weeks) untreated with T-2 toxin, and puberal 
females (27 weeks) treated with T-2 toxin.  
 Research has shown that T-2 toxin causes a reduction in weight gain in 
many poultry species (Wyatt et al., 1973; Chi et al., 1977 b, Hoerr et al., 1981, 
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Ruff et al., 1992).  Speers et al., (1977) observed significant reductions in body 
weight when laying hens were fed 16 ppm T-2 toxin.   Kubena (1995) observed 
reduced body weight gain when broiler chickens were fed 4 mg T-2 toxin per kg 
diets.  Ruff et al., (1992) observed that feeding 8 and 16 ppm T-2 toxin to 
bobwhite quail and feeding 16 ppm T-2 toxin to Japanese quail reduced body 
weight after one week of exposure.  Kersten (1998) also observed that feeding 
12, 16 or 20 mg T-2 toxin / kg BW to bobwhite quail significantly reduced body 
weight gain.  However, Kersten (1998) observed that when birds were orally 
dosed intermittently on a weekly basis, and allowed to recover, T-2 toxin did not 
influence body weight.  In our experiment, bobwhite quail dosed intermittently 
with 12 mg T-2 toxin per kg BW overall had a significant decrease in body weight 
as compared to control birds (0 mg T-2 toxin per kg BW).  Variability, between 
birds relative to their susceptibility to T-2 toxin may explain the discrepancy.  
Body weight gain in our experiment was further reduced by the diet-treatment 
combination, and may indicate an additive effect of the trypsin inhibitor and T-2 
toxin. 
 
Blood Analysis 
 
Total white blood cells    
             
 No reports are available on the effect of raw soybeans on blood chemistry 
or the immune system.  In our study white blood cell populations were not 
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affected by any level of dietary raw soybeans, and may indicate that short-term 
inclusion of raw soybeans in the diet will have no effect on the immune system.  
 Exposure of animals to T-2 toxin has been associated with a variety of 
immunosuppressive effects (Holladay, 1995).  The effect of T-2 toxin on total 
numbers of white blood cells has not been previously reported in bobwhite quail.  
Chickens receiving diets containing T-2 toxin showed a marked reduction in 
circulating blood cells to include a severe depression of leukocyte and 
thrombocyte counts (Joffe and Yagen, 1978).  However, sub-lethal doses of T-2 
toxin have also been shown to be an inflammatory agent (Smalley et al., 1970).  
Supporting this result, Chi et al., (1977 b) reported an increase in leukocyte count 
in chicks fed low concentration of T-2 toxin (0.2 ppm).  In mammals, during 
inflammation the first line of defense are macrophages cells already present in 
the tissue, acting within minutes after inflammation (Guyton and Hall, 1996).  The 
second line of defense is the neutrophil, which acts within hours after 
inflammation, increasing in numbers up to five fold (Guyton and Hall, 1996).  The 
third line of defense is the invasion of monocytes but this invasion is slower than 
that of neutrophils requiring several days to become effective (Guyton and Hall, 
1996).  The fourth line of defense is a greatly increased production of 
granulocytes and can take 3 to 4 days (Guyton and Hall, 1996).  However, in the 
avian inflammatory response, leukocytes migrating from the blood begin as soon 
as 30 minutes after introduction of the immunogen.  Heterophil and monocyte 
migration through venules occurs concurrently, although the proportion of these 
populations is immunogen dependent.  Typically, heterophil migration is heaviest 
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early in the infiltration process and gives way to high monocyte migration 
(Klasing, 1991).  Changes in circulating patterns of avian leukocytes during an 
immune response are characterized by a rapid increase in the number of 
circulating heterophils and a decrease in monocyte numbers over the same 
period (Klasing, 1991).  Rosenstein and Lafarge-Frayssinet (1983) reported that 
the inhibitory effect of T-2 toxin was completely reversed in bone marrow and 
liver, and partially reversed in thymus and spleen, 20 hours after a single dose of 
the toxin.  Results from our study are consistent with that of Chi et al., (1977b), 
showing a significant increase in the total WBC when birds were exposed to any 
level of T-2 toxin (9 or 12 mg T-2 toxin per kg BW) and represents the 
inflammatory response.  In our experiment a decrease in leukocyte numbers was 
not observed, and may be due to the 7 day interval dosing period, which allowed 
birds to recover in-between toxin exposure (Rosenstein and Lafarge-Frayssinet, 
1983).  There was no raw soybeans diet - T-2 toxin interaction relative to WBC 
population. 
 
 
Different Leukocyte counts    
 Experimental animal studies have shown that T-2 toxin affects the immune 
system, and modifies the immune response.  T-2 toxin has been demonstrated to 
cause necrosis and lymphoid depletion in the thymus, spleen, and lymph nodes 
of laboratory animals (Ueno, 1977, Hayes et al., 1980 and Lustsky and Mor, 
1981;) and chickens (Wyatt et al., 1973 and Hoerr et al., 1981).  T-2 toxin has 
also been demonstrated to decrease immunoglobulin synthesis, antibody 
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response in laboratory animals (Mann et al., 1983), cellular and humoral-
mediated immune response, and suppressed or enhance macrophage activity 
depending on the time of toxin treatment in relation with antigenic stimulation 
(Corrier, 1991).  However, little has been determined regarding how T-2 toxin 
selectively targets immune function, and selectively targets certain immune cell 
populations within the immune system (DiNinno et al., 1985; Holladay et al., 
1993).  WBC are formed by two major lineages, the myelocytic precursor of 
granulocytes and monocytes, and the lymphocytic precursor of lymphocytes 
(Guyton and Hall, 1996).  Holladay et al., (1995) reported that T-2 toxin 
selectively targets lymphocyte precursor cells, an effect that may be related to 
impaired humoral immunity in humans and animals.  Kersten (1998) reported that 
bobwhite quail exposed intermittently to 14 and 15.5 mg T-2 toxin per kg BW and 
chronically to 20 mg T-2 toxin per kg feed had significantly decreased monocyte 
and lymphocyte populations, supporting the study of Holladay et al., (1993).  In 
our study a decrease in monocyte percentage and number was observed during 
the inflammatory response period where monocytes infiltrated from the blood to 
the location of the immunogen and take the appearance and function properties 
of macrophages (Klasing, 1991).  Stimulated macrophage also produces an IL-1 
like factor that induces the migration of heterophils into the blood (Klasing, 1991).  
This is consistent with the current experiment.  In our experiment the highest 
dose used was 12 mg T-2 toxin per kg BW and this dose may have not been 
sufficient to show immunosuppression.  As in Kerstens (1998) study birds dosed 
with 12.4 mg T-2 toxin per kg BW did not have a significant depletion of the 
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immune system.  Kersten (1998) also reported an increase in heterophils in both, 
intermittent and acute T-2 toxin studies.  Our experiment agrees with Kerstens 
(1998) results, showing a significant increase in absolute numbers of heterophils 
when birds were dosed with 12 mg T-2 toxin per kg BW.  Because T-2 toxin is an 
inflammatory agent (Smally et al., 1970), this increase in heterophils was 
expected (Klasing, 1991).  In our experiment we also observed a significant 
increase in basophils and esoinophils when animals were fed 40 or 60% raw 
soybean.  However, numbers of esosinophils and heterophils had a tendency to 
increase when quails were exposed to 9 mg T-2 toxin per kg BW and to 
decrease when birds were exposed to 12 mg T-2 toxin per kg BW.  These results 
show the inflammatory response when low level of T-2 toxin are used and agree 
with Klasing (1991) who report an increase in these cells early in the 
inflammatory response.  However, a tendency to decrease when higher exposure 
to T-2 (12 mg / kg) may represent immunosuppression or and increase in 
migration of these cells to the location of the immunogen.  In our experiment 
polychromatophilic erythrocytes were frequently observed in the blood smears.  
The cytoplasm of polychromatophilic erythrocytes is more basophilic than that of 
mature erythrocytes (Figure2-2B) (Campell, 1988).  Polychromasia increases 
with regenerative anemia, and is associated with a number of chronic infectious 
diseases and chronic inflammation (Campbell, 1988).  
 In the present experiment exposure of bobwhite quail to raw soybean diets 
and T-2 toxin treatments resulted in increased mortality, decreased feed 
consumption, and decreased body weight gain.  These results may be 
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detrimental to the health and performance of the birds.  The experiment also 
showed that high levels T-2 toxin may cause immunosuppression as evidenced 
by Kersten (1998).  Such immune effects may lead to decreased resistance to 
infections and disease, increased mortality rates, and susceptibility to predators.  
These findings suggest that the practice of over-wintering soybeans as a feed-
source maybe detrimental, and maybe partially responsible for the decline in the 
wild quail population throughout the southeastern United States.         
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Appendix 
 
Figure 2-1.  Blood smears, Quail, Wright-Giemsa stain.  A. Basophil 
(b), round cell with a round, unilobular and pale staining nucleus, 
characterized by large numbers of medium size basophilic granules.  
B. Eosinophil (e), typically round but can have irregular shape, 
lobulated nuclei and round granules in a pale blue cytoplasm.  C.  
Lymphocyte (l), typically round cells but can show irregularity, the 
nucleus is usually centrally located with slightly basophilic cytoplasm.  
Magnification 500X. 
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Figure 2-2.  Blood smears, quail, Wright-Giemsa stain.  A.  Monocyte 
(m), larger than lymphocyte (l), leukocytes with irregular shape, 
nucleus vary from round to bilobed, cytoplasm is blue gray with finely 
granular appearance.  B.  Heterophil (h), with lobed nuclei usually 
hidden by the cytoplasmic rod-shaped granules. Policromatic 
erythrocytes (Pe), with cytoplasm more basophilic than that of mature 
erythrocytes.  C.  Thrombocytes (t), oval cells smaller than mature 
erythrocytes, with a clear cytoplasm.  Magnification 500X.   
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and T-2 toxin on reproductive performance  
 
in female adult bobwhite quail. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 99
Abstract 
 
 A laboratory study was design to evaluate the effect of dietary raw 
soybean consumption and exposure to T-2 toxin on reproductive performance of 
adult female bobwhite quail (Colinus virginianus). Twenty-seven weeks old quail 
were fed breeder diets containing 0, 20, 40, or 60% raw soybean and randomly 
assigned to receive 0, 9, or 12 mg T-2 toxin per kg BW.  T-2 toxin was give 
intermittently for a 4-week period by oral gavage.  Live chicks from the first four 
hatches were weighed at 4-weeks of age to determine differences due to 
maternal exposure to raw soybean and T-2 toxin. 
 Hen day egg production was significantly (P≤0.05) reduced among birds 
fed 60% raw soybean and hen housed egg production was significantly (P≤0.05) 
lower when hens consumed any level of raw soybean.  Hen housed egg 
production was also significantly (P≤0.05) reduced when hens were dosed with 9 
or 12 mg T-2 toxin per kg BW.  In the diet-treatment interaction, hen housed egg 
production had a tendency to decrease as raw soybean and T-2 toxin increased 
in the diets.  There were no significant (P≤0.05) differences in fertility, fertile 
hatchability, and total hatchability as a result of raw soybean consumption, T-2 
toxin exposure or their interaction.  Chicks from hens fed 0, 20, and 40% raw 
soybean were significantly (P≤0.05) heavier than chicks from hens fed 60% raw 
soybean.  However, no differences (P≤0.05) in chick body weight were observed 
due to hen T-2 toxin treatment.    
 These results indicate that feeding raw soybean and exposure to T-2 toxin 
may be detrimental to bobwhite quail reproductive performance. 
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Introduction 
 
 T-2 toxin is a trichothecene mycotoxin naturally occurring as a secondary 
metabolite produced predominantly by the fungus Fusarium tricinctum, and is an 
important pathogen in plants that produce cereal grains (Purchase, 1974).  
Mycotoxin production is greatest during conditions of high humidity cool 
temperatures, and rainfall (Scott, 1989).  The adverse effects of mycotoxins 
result from the interaction of the mycotoxin with functional molecules and 
organelles in the cell (Lesson et al., 1995).  The main effect of T-2 toxin is the 
inhibition of protein synthesis followed by a secondary disruption of DNA and 
RNA synthesis (Schindler, 1974; Mann et al., 1983).  Different studies have 
shown that T-2 toxin has a negative effect on reproductive performance in poultry 
(Speers., et al 1972, 1973, 1977; Chi et al 1977; Wyatt et al., 1978, Kersten, 
1998).  In laying hens birds fed 4, 8, or 16, parts per million (ppm), T-2 toxin 
exhibited reduced feed consumption, body weight, egg production, and 
decreased shell quality (Speers et al., 1972,1973).  Wyatt et al., (1975), reported 
a 20% reduction in egg production and thinner shells among hens fed 20 mg T-2 
toxin per kg feed.  Chi et al., (1977) reported that feed consumption, egg 
production, and shell thickness were significantly decreased in hens fed 8 mg T-2 
toxin per kg feed, while the hatchability of fertile eggs of hens fed 2 or 8 mg T-2 
toxin per kg feed was lower than that of control hens.  In bobwhite quail, the 
percent fertility and total hatchability of eggs was lower in birds fed 20 mg per kg 
feed as compared to control birds fed 0 mg per kg feed (Kersten, 1998).   Quail 
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hens dosed with T-2 toxin on a weekly basis laid eggs with thinner shells as 
compared to control hens (Kersten, 1998). 
Transmission of T-2 toxin into eggs of laying hens showed that maximum 
residues occurred 24 hours after dosing with a single dose of 0.25 mg 3H T-2 
toxin per kg of body weight.  Yolk contained 0.04% of the total dose while the 
albumin contained 0.13%.  Calculated as T-2 equivalent, the first egg obtained 
24 hours after dosing may contain 0.7 µg, the second day's egg 0.4 µg, and the 
7th day's egg 0.1 µg after a single administration (Chi et al., 1978).  Among 
multiple-dose birds receiving 0.1 mg 3H T-2 toxin per kg of body weigh for eight 
consecutive days, radioactivity accumulated in the egg until the 5th day, remained 
unchanged until the last day of dosing and rapidly decreased after last dose.  
Based on specific radioactivity, eggs from multiple dosed birds contained 0.3, 
0.4, 0.8, 0.9, 0.9, 0.5, and 0.4 µg T-2 toxin on the 1st, 2nd, 3rd, 5th, 8th, 9th and 
11th day after the initial dose of the toxin (Chi et al., 1978) 
The wild bobwhite quail population has been declining on the University of 
Tennessee's Ames Plantation, for the past 30 years (Dimmick, 1992).  One factor 
that may be affecting the reproductive performance among these quail is the raw 
soybeans left as a winter food source.  Raw soybeans contain an anti-nutritional 
factor known as trypsin inhibitor (Read and Hass, 1938).  This inhibitor combines 
with trypsin, an enzyme necessary for proteolysis, interfering with the digestion of 
protein in the intestinal tract.  Consumption of raw soybeans increases the 
secretion of digestive enzymes (Nitsan and Liener, 1976) that cause an 
endogenous loss of amino acids in the form of enzymes released by a 
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hyperactive pancreas (Lyman and Lepkovsky, 1957; Booth et al., 1960).  The net 
effect is diversion of these amino acids from the synthesis of body tissue protein 
to the synthesis of enzymes, which are subsequently lost in feces (Nitsan and 
Liener, 1976). 
     The consumption of trypsin inhibitor is known to cause hypertrophy of 
the pancreas (Bray, 1964; Coates et al., 1970), growth inhibition (Grant, 1989), 
and decrease reproductive performance (Summers et al., 1966; Liener, 1994).  
Studies by Zhang et al., (1991) showed that laying hen egg production, egg 
weight and egg yield generally decreased as dietary levels of trypsin inhibitor.  
Ewing, (1963), showed that embryo viability and egg hatchability were reduced 
by feeding hens raw soybeans.  Studies in pigs showed that the number of live 
piglets born decreased with the use of raw soybeans as a component of the 
sows diets (Crenshaw and Danielson 1985; Newman et al., 1987). Studies in 
bobwhite quail showed low protein and / or energy in diets led to reduced egg 
production and ovary mass (Giuliano et al., 1996).  These data suggest that the 
consumption of high levels of raw soybeans in the diet may decrease the 
absorption of amino acids, and may be detrimental to reproduction performance.   
At Ames Plantation, the quail population has been decreasing since 1960 
even under optimal environmental conditions that the plantations pasture and 
bush-lands offer (Dimmick, 1992).  At Ames Plantation, unharvested raw 
soybeans are left in the field as a supplementary food during the winter.  Up to 
71.10% of the winter diet of bobwhite quail has been reported to be raw 
soybeans (Eubanks and Dimmick, 1974).  Previous studies have shown the 
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presence of 800 parts per billion T-2 toxin / kg raw soybeans grown on Ames 
Plantation (Kersten, 1998). It is hypothesized that either raw soybeans or T-2 
toxin alone or in combination may be affecting the reproductive performance of 
adult bobwhite quail.  The objective of the following study was to determine if an 
interaction exists between dietary raw soybeans and T-2 toxin on reproductive 
performance in adult bobwhite quail. 
 
Materials and Methods 
 
Exposure to T-2 toxin  
  At 27 weeks of age, pre-puberal quail were changed from raw soybean 
grower diets containing 0, 20, 40, or 60% raw soybeans to breeder diets, which 
were nutritionally identical but with increased calcium to support egg production.  
Breeder diets were formulated to be isonitrogenous and isocaloric, containing 
2,860 cal per kg metabolizable energy, 28% crude protein, 3% calcium and, 
0.9% phosphorus.  Light exposure was raised to 16 hours per day to induce 
puberty.  Birds were allowed ad libitum food and water.   After 1 week of 
acclimation, dietary treatments were sub-divided to include exposure to T-2 toxin.  
For each level of dietary soybeans, birds were randomly assigned to receive 0, 9 
or 12 mg T-2 toxin per kg of body weight.  Each treatment consisted of two 
replicate pens of 14-16 birds per pen (female and male) with a ratio of one male 
to one female.  Only females were dosed with T-2 toxin resulting in a total of 14-
16 female birds dosed per dietary level of soybean.  T-2 toxin (Sigma, St. Louis, 
MO) was dissolved in 100% ethanol, and corn oil was added to obtain the 
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desired dilution.  Control birds received 30% ethanol 70% corn oil.  
Concentrations of T-2 toxin were administrated by oral gavage.  Originally, hens 
were supposed to receive 0, 12, or 16 mg of T-2 toxin per kg of body weight.  
However, following week 1, many hens were very weak so a decision was made 
to skip the second weekly dose, and resume dosing at week 3.  For this reason 
final doses of T-2 toxin per kg of BW were 0, 9, and12.   T-2 toxin was 
administrated over a four week period (no dose, week 2), 1/3 of the dose per 
week on days 0, 14, and 21.   
 
Reproductive performance 
Hen day and hen housed egg production (HDEP and HHEP) was 
determined for 12 weeks following achievement of 15% egg production.  Percent 
HDEP was analyzed as (# of eggs daily / # hens alive daily X 100), and percent 
HHEP as (# of eggs daily / # hens starting experiment X 100).  All eggs from the 
first four weeks of production were collected and set for hatchability data.  Eggs 
were set weekly, for a total of four hatches and were kept separate by treatment 
(two replications per treatment).  Eggs were candled on day 7 after setting to 
determine fertility.  During candling, eggs were classified as fertile, infertile, fertile 
but dead, or cracked.  Fertile eggs were declared as those showing obvious 
vascular development upon candling at day 7.  All infertile eggs were opened and 
carefully examined to identify those truly infertile vs. those having very early 
embryonic mortality as indicated by early vascular development (Patten, 1971).  
For analysis of reproductive performance, data was recorded on date of puberty 
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determined by date of first egg per replicate pen, percent fertility (the sum of all 
fertile eggs plus those fertile but dead eggs divided by the total number of eggs 
set minus the number of cracked eggs X 100), percent fertile hatchability 
(number of total live chicks divided by the number of fertile eggs plus fertile but 
dead X 100), and percent total hatchability (total live chicks divided by number of 
eggs set X100). 
 
Effect of Maternal dietary-T-2 toxin treatment on chick growth.  
 Live chicks from the first four hatches were transferred to a starter battery 
(Petersime Co., Gettysburg, OH) adapted for quail chicks and were grown to 4 
weeks of age.  Chicks were fed a commercial starter diet  (Co-op game bird 
starter-crumble, Lavergne, TN) and were exposed to 23 hours of light.  Feed and 
tap water were available for ad libitum consumption.  Chicks were kept separate 
in the battery by the raw soybean / T-2 toxin treatments of the parents.  Mortality 
was recorded daily and body weight of all the chicks was obtained at 4 week of 
age to determine differences due to maternal exposure to raw soybeans, T-2 
toxin or their interaction. 
 
Experimental design and statistical analysis. 
The experimental data were analyzed using the computer statistical 
software package, SAS, version 8 (SAS, 1999).  The design used was a split plot 
with repeated measures.  Differences among treatment means were determined 
using Fishers Least Significant Difference Test.  Significance was declared at 
P≤0.05. 
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Results 
 
 
Day of puberty 
 
Dietary raw soybeans did not affect bobwhite quail date of puberty.  After 
initiation of 16 hours of light exposure, days to puberty was 31, 29, 30, and 28 
days for birds fed 0, 20, 40, and 60% raw soybeans respectively.          
 Similarly date of puberty was not affected by T-2 toxin.  After initiation of 
light stimulation days to puberty was 29, 30, and 29 days for control, and hens 
dosed with 9 or 12 mg T-2 toxin per kg BW respectively.  There was no diet by T-
2 toxin treatment interaction. 
 
Hen day egg production 
  
In contrast to date of puberty, hen day egg production (HDEP) was 
affected by raw soybean diets.   Hens fed 60% raw soybeans laid significantly 
fewer eggs as compared to hens fed 0, 20 or 40% raw soybean (Table 3-1).  This 
was also true when egg production was calculated as hen housed egg 
production.  When egg production was calculated in this manner differences due 
to diet were evident, and hens consuming any level of raw soybean diets laid 
fewer eggs as compared to birds in the control group (Table 3-1).  
T-2 toxin treatment also significantly influenced egg production of 
bobwhite quail.  When egg production was calculated as HDEP hens dosed with 
12 mg T-2 toxin per kg of BW laid eggs at a higher rate than hens receiving either 
0 or 9 mg T-2 toxin per kg of BW (Table 3-2).  However, if mortality of hen due to  
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Table 3-1.  Average total hen day and hen housed egg production of bobwhite 
quail fed different concentrations of raw soybeans (first 12 weeks of production). 
 Dietary 
Raw soybeans (%)  
HDEP 
 
%         ±SE 
HHEP 
 
%         ±SE 
 
0 
 
48.2A    ±1.4 
 
29.6A      ±0.9 
 
20 
 
48.1A    ±1.6 
 
25.8BC     ±1.0 
 
40 
 
49.7A    ±1.7 
 
26.8B      ±0.9 
 
60 
 
35.6B    ±1.2 
 
24.0C       ±0.9 
A-C Means in the same column with different superscripts are significantly different (P≤0.05). 
SE= Pooled standard error of the mean. 
 
 
Table 3-2.  Average hen day (HDEP) and hen housed egg production (HHEP) of 
bobwhite quail exposure to T-2 toxin (first 12 weeks of production). 
T-2 toxin  
 
(mg/kg BW) 
HDEP 
 
%       ±SE 
HHEP 
 
%        ±SE 
 
0 
 
43.4B    ±1.2 
 
30.1A     ±0.8 
 
9 
 
42.8B    ±1.2 
 
25.7B     ±0.8 
 
12 
 
50.0A    ±1.5 
 
23.7B     ±0.7 
A-B Means in the same column with different superscripts are significantly different (P≤0.05). 
SE= Pooled standard error of the mean. 
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T-2 toxin treatments is taken in consideration, and hens housed egg 
production is determined, the number of eggs laid by hens dosed with 9 or 12 mg 
T-2 toxin per kg BW was significantly less as compared to birds in the control 
group (Table 3-2). 
Significant differences in hen day egg production were observed due to 
the raw soybean and T-2 toxin treatment interaction (Table 3-3).  Hen day egg 
production was significantly reduced when birds were fed 60% raw soybean diets 
and dosed with 0, 9, or 12 mg T-2 toxin per kg BW as compared to hens of any 
other soybean-T-2 toxin treatment with 2 exceptions.  Hens fed control diets and 
dosed with 9 mg T-2 toxin per kg BW laid egg at the same rate as birds fed 60% 
raw soybean and dosed with 9 or 12 mg T-2 toxin per kg BW.  Hens fed 20% raw 
soybeans and dosed with 0 mg T-2 toxin per kg BW laid egg at the same rate as 
birds fed 60% raw soybeans and dosed with 16 mg T-2 toxin per kg BW.  With all 
other soybean-T-2 toxin treatment groups, hens dosed with the highest level of 
T-2 toxin laid significantly more eggs than hens dosed with 9 mg T-2 toxin, but 
not as compared to the 0 mg hens.  However, if hen housed egg production data 
was analyzed, and mortality is taken in consideration, the trend in T-2 toxin 
treated birds to lay more eggs was reversed.  Hens fed 20, 40 or 60% raw 
soybeans and dosed with the highest dose of T-2 toxin laid fewer eggs as 
compared to hens fed the control diet (0% soybeans) and dosed with 0 mg T-2 
toxin per kg BW.  Also within each raw soybean group, hens receiving the 12 mg 
T-2 toxin treatment laid fewer eggs than did hens not receiving T-2 toxin 
treatment. 
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Table 3-3. Average hen day and hen housed egg production of bobwhite quail 
due to the diet-treatment interaction (first 12 weeks of production). 
Dietary 
Raw soybeans 
(%) 
T-2 toxin  
 
(mg/kg BW) 
HDEP 
 
%         SE 
HHEP 
 
%         SE 
  
0 
 
48.0AB      ±2.2 
 
31.1B       ±1.4 
 
0 
 
9 
 
42.6BCD    ±2.5 
 
20.2CD    ±1.1 
 
 
 
12 
 
54.1A       ±2.4 
 
37.4A     ±1.6 
 
 
 
0 
 
44.2BC      ±2.4 
 
36.5A      ±2.1 
 
20 
 
9 
 
45.6B       ±2.7 
 
20.7CD    ±1.1 
 
 
 
12 
 
54.6A       ±3.0 
 
20.0CD    ±1.3 
 
 
 
0 
 
49.3AB      ±2.5 
 
31.3B      ±1.6 
 
40 
 
9 
 
46.3B       ±2.4 
 
32.0B      ±1.7 
 
 
 
12 
 
53.4A       ±3.8 
 
17.0D      ±1.0 
 
 
 
0 
 
32.3E       ±2.1 
 
21.7C      ±1.4 
 
60 
 
9 
 
36.6DE      ±2.0 
 
29.8B      ±1.7 
 
 
 
12 
 
38.0CDE    ±2.1 
 
20.4CD     ±1.3 
A-E Means in the same column with different superscripts are significantly different (P≤0.05). 
SE=Standard error of the mean. 
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Hatchability performance 
 The percentage of fertile eggs were not affected by dietary soybean level 
with the exception of hens fed the 20% soybeans diets (Table 3-4).  Egg fertility 
was less among this group (20% soybeans) as compared to the hens fed 60% 
raw soybean diets.  No difference in percent fertile eggs was observed between 
hens fed 0, 40 or 60% raw soybeans.  No overall differences in fertile hatchability 
or total hatchability of eggs was observed due to concentration of raw soybeans 
in the diet (Table 3-4).  
T-2 toxin did not (P≤0.05) affect percent fertility, fertile hatchability, or total 
hatchability of eggs (Table 3-5).  However, numerically percent fertility of eggs 
was slightly higher (P≤0.3) among birds exposed to T-2 toxin treatments, while 
fertile hatchability was slightly lower (P≤0.4).  Percent total hatchability was 
numerically the same among all treatment groups.  
 
Table 3-4.  Percent fertility, fertile hatchability, and total hatchability of eggs laid 
by bobwhite quail hens fed different concentrations of raw soybeans (first four 
weeks of egg production). 
Dietary 
Raw Soybean 
(%) 
 Fertility 
 
%          ±SE 
Fertile Hatchability
 
%          ±SE 
 Total Hatchability 
 
%          ±SE 
 
0 
 
87.1AB    ±3.6 
 
74.8     ±5.3 
 
65.6     ±5.1 
 
20 
 
78.4B     ±6.6 
 
79.1     ±6.3 
 
65.7     ±7.0 
 
40 
 
86.7AB   ±3.2 
 
77.0     ±4.8 
 
66.9     ±5.2 
 
60 
 
91.6A    ±3.0 
 
82.6     ±3.0 
 
76.2     ±4.0 
A-B Means in the same column with different superscripts are significantly different (P≤0.05). 
SE=Pooled standard error of the mean. 
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Table 3-5.  Main effect of T-2 toxin treatments from 4 weeks egg production on 
percent fertility, fertile hatchability, and total hatchability of eggs laid by bobwhite 
quail treated during the pre-puberal period. 
T-2 toxin 
 
(mg/kg BW) 
Fertility 
 
%          ±SE 
Fertile Hatchability 
 
%          ±SE 
 Total Hatchability 
 
%          ±SE 
 
0 
 
83.3     ±4.0 
 
80.8     ±3.9 
 
68.8     ±4.8 
 
9 
 
86.7     ±3.5 
 
78.3     ±4.1 
 
68.8     ±4.6 
 
12 
 
88.3     ±3.8 
 
76.1     ±4.6 
 
68.5     ±4.6 
SE=Pooled standard error of the mean. 
 
Hatchability performance was also analyzed for the first 2 weeks of 
production (7 days after last dose) and no differences were observed due to 
soybean, T-2 toxin or their interaction (data not shown). 
Likewise, there were no overall differences in percent fertility, fertile hatchability 
and total hatchability of eggs due to the diet-treatment interaction (Table 3-6).  
 
Chicks body weight 
 Four-week body weight of chicks was affected by hens dietary raw 
soybean consumption.  Chicks from hens fed 0, 20, and 40 % raw soybean were 
significantly heavier than chicks from hens fed 60% raw soybeans (Table 3-7).  
Chicks from hens fed 40% raw soybeans were significantly heavier than chicks 
from hens feed 20% raw soybean.  However chicks from hens fed 20 or 40% raw 
soybean were no different than chicks form hens feed 0% raw soybean. 
Unlike hen diet, no difference in the average body weight of chicks at four weeks 
of age was found due to hen exposure to T-2 toxin (Table 3-8). 
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Table 3-6.  Average percent fertility, fertile hatchability and total hatchability of 
eggs laid by bobwhite quail hens fed raw soybean and dosed with T-2 toxin. 
Raw Soybean 
 
(%) 
T-2 toxin 
 
Mg/kg BW 
% Fertility 
 
%          ±SE
Fertile 
Hatchability 
%          ±SE 
Total 
Hatchability 
%          ±SE 
 0 86.7      ±7.1 67.7     ±10.8 62.6     ±10.8 
0 9 88.7      ±4.7 77.9       ±9.8 67.7       ±8.3 
 12 85.8      ±7.3 79.3       ±7.3 66.7      ±8.1 
 0 79.1    ±12.2 89.7       ±4.3 71.0     ±11.4 
20 9 70.4    ±12.9 71.7     ±15.3 53.0     ±15.8 
 12 83.6    ±10.7 75.5     ±11.6 69.9     ±10.7 
 0 79.5      ±6.8 86.0      ±6.4 68.8       ±8.4 
40 9 89.6      ±3.0 78.3      ±5.5 71.0      ±6.8 
 12 91.7      ±5.9   65.3      ±12.1 60.1     ±12.5 
 0 87.8      ±5.2  81.1      ±6.9 73.0       ±9.3 
60 9 94.4      ±4.4  83.8      ±3.5 79.5       ±5.8 
 12 92.6     ±6.2  83.0      ±5.1 76.0       ±6.1 
SE=Standard error of the mean. 
 
 
 
 
Table 3-7.  Average 4 weeks body weight of chicks from bobwhite quail hens fed 
different concentrations of raw soybeans (first four weeks of egg production). 
Dietary 
Raw Soybean (%)  
Body weight  
   (g)           ±SE 
 
0 
 
49.5BA        ±1.2 
 
20 
 
48.4B          ±0.7 
 
40 
 
51.7A          ±0.6 
 
60 
 
42.4C          ±0.8 
A-C Means with different superscripts are significantly different (P≤0.05). 
SE=Pooled standard error of the mean. 
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Table 3-8.  Average 4-week body weight of chicks from bobwhite hens dosed 
with T-2 toxin (first four weeks of egg production). 
T-2 Toxin  
(mg/kg BW) 
Body weight 
   (g)         ±SE 
 
0 
 
49.3         ±0.5 
 
9 
 
45.4        ±0.8 
 
12 
 
48.6         ±1.0 
SE=Pooled standard error of the mean. 
 
 
However, when data was analyzed by week of egg production, significant 
differences were observed due to hens T-2 toxin treatment (Table 3-9).  Chicks 
from eggs laid one week after puberty from hens exposed to 0 mg T-2 toxin per 
kg of BW were heavier as compared to chicks from hens dosed with 9 mg T-2 
toxin per kg of BW.  No difference in the body weight of chicks hatched form 
week 2 egg production was found.  However, during the third week of egg 
production, chicks hatched by hens not exposed to T-2 toxin were significantly 
heavier than chicks form hens exposed to any T-2 toxin treatments.  In hatch 
four, chicks resulting from eggs laid during the fourth week of egg production, 
and from hens exposed to 12 mg T-2 toxin per kg of BW were significantly 
heavier than chicks from hens exposed to 0 or 9 mg T-2 toxin per kg of BW.    
 A significant interaction between hen dietary soybeans and T-2 toxin 
treatment was found for 4 wk body weight of chicks (Table 3-10).  During the first 
week of egg production chicks from hens in the control group (0% raw soybean 
and 0 mg T-2 toxin per kg BW) were significantly heavier than chicks from hens 
feed 20% raw soybean diets and treated with either 9 or 12 mg T-2 toxin per kg 
of BW.            
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Table 3-9.  Average body weight at 4 weeks of age from chicks hatched during 
the first four weeks of egg production.  Eggs were set weekly from bobwhite hens 
treated with T-2 toxin. 
T-2 toxin 
 
 (mg/kg BW) 
  
1 
  (g)       ±SE    
Week  of  egg 
2 
  (g)      ±SE 
production  
3 
(g)          ±SE 
  
4 
(g)          ±SE 
 
0 
 
50.6A     ±1.5 
 
49.3A     ±0.8 
 
48.4A    ±1.0 
 
49.7B     ±1.1 
 
9 
 
46.9B      ±1.6 
 
47.0A     ±1.2 
 
42.8AB   ±1.8 
 
46.3B     ±1.9 
 
12 
 
48.1AB    ±2.6 
 
50.8A     ±1.0 
 
42.5B      ±1.7 
 
58.4A     ±1.5 
A-B Means in the same column with different superscripts are significantly different (P≤0.05). 
SE=Pooled standard error of the mean. 
  
During the second week of egg production chicks from control hens were 
significantly heavier as compared with chicks from hens fed 0% raw soybeans 
and dosed with 9 mg T-2 toxin per kg of BW, chicks from hens fed 20% raw 
soybeans and dosed with 0, 9, or 12 mg T-2 toxin per kg of BW, chicks from 
hens fed 40% raw soybean and dosed with 0 mg T-2 toxin per kg BW, and chicks 
form hens fed 60% raw soybean and dosed with 0, 9, or 12 mg T-2 toxin per kg 
BW.  In contrast during the third week of egg production chicks from hens in the 
control group were only significantly heavier than chicks from hens fed 0% raw 
soybeans and treated with 12 mg T-2 toxin per kg of BW, chicks from hens fed 
20% raw soybeans and dosed with 0 mg T-2 toxin per kg BW, and chicks from 
hens fed 60% raw soybeans and dosed with 9 mg T-2 toxin per kg BW.  
However, in the third hatch chicks form hens exposed to 60 % raw soybean and 
treated with 12 mg T-2 toxin per kg BW were significantly heavier that chicks 
from birds fed 0% raw soybean and not treated with T-2 toxin.  Chicks from 
control hens hatched the fourth week after T-2 toxin exposure were significantly 
heavier than chicks from hens fed 20% raw soybean and dosed with 0 mg T-2 
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toxin per kg of BW, chicks from hens fed 40% raw soybean and treated with 0 or 
12 mg T-2 toxin per kg of BW; and chicks from hens fed 60% raw soybean and 
treated with 0 or 9 mg T-2 toxin per kg of BW.  Overall, 4 week chicks weight 
was affected by hen soybean consumption and T-2 toxin exposure showed that 
chicks from control hens (0% raw soybean, 0 mg T-2 toxin per kg BW) were 
heavier than chicks from hens fed with 0% raw soybean and treated with 12 mg 
T-2 toxin per kg BW, chicks from hens fed 20% raw soybean and dosed with 0 or 
9 mg T-2 toxin per kg BW, and hens fed 60% raw soybean and dosed with either 
0 or 9 mg T-2 toxin per kg BW (Table 3-10). 
 
Discussion 
 
Considerable work has been reported in the literature on the detrimental 
effect of trypsin inhibitor found in raw soybeans on performance of animals 
(Friedman et al., 1991).  However, as reported by Saxena et al., (1963a), when 
birds become older they are less sensitive to the toxic properties of raw 
soybeans.  Therefore, the detrimental effect of raw soybeans may be less for 
laying hens than previously observed for chicks (Han et al., 1991).  Caver et al., 
(1946), Fisher et al., (1957), Griminger and Fisher (1960), Saxena et al., (1963 a, 
b), and Summers et al (1966) have reported that satisfactory egg production can 
be obtained by the use of raw soybeans to replace soybean meal in the diet of 
the laying hen.  In contrast, Hill and Renner (1963), Bray (1964), Rogler and 
Carrick (1964), Grant (1989), and Zhang et al., (1991), reported a reduction in 
egg production when raw soybeans were used.   
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In our experiment Bobwhite quail egg production during the first week was 
extremely variable.  Therefore, no difference in date of puberty (date of first egg) 
was observed due to dietary treatments.  In contrast to date of puberty overall 
HDEP (12 weeks of production) significantly decreased when hens were fed 60% 
raw soybeans.  Hen housed egg production was significantly less when any level 
of raw soybean were fed.  This inability of raw soybeans to maintain egg 
production agrees with the results of Hill and Renner (1963), Bray (1964), Rogler 
and Carrick (1964), Grant (1989), and Zhanget al., (1991), and is in direct 
disagreement with the work reported by Caver et al., (1946), Fisher et al., (1957), 
Griminger and Fisher (1960), Saxena et al., (1963 a, b), and Summers et al 
(1966).  Rogler and Carrick (1964), concluded that the differences in these 
reports are due to concentrations of trypsin inhibitor in the beans that vary 
considerably as a result of genetic or strain differences. 
 There appears to be no literature that describes the influence of dietary 
raw soybeans on hatchability performance.  In our experiment no differences in 
hatchability performance were observed between hens fed control diets or any 
level of raw soybean.   
 Toxic metabolites of fungi have been implicated in poor reproductive 
performance of laying hens (Chi et al., 1977).  Hamilton and Garlich (1972) 
reported a decrease in egg production and hatchability when hens were fed 
aflatoxins.  Choudhury (1971) reported that when ochratoxin was fed to laying 
hens, reduced egg production and hatchability of fertile eggs.  Chi et al., (1977), 
reported that T-2 toxin affected reproductive performance of laying hens fed diets 
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containing 8 ppm of T-2 toxin in terms of decreased egg production, hatchability 
and thin egg shell formation.  Speers et al., (1977b) reported that inclusion of 5 or 
16 ppm of T-2 toxin in the diets of laying hens resulted in reduced feed 
consumption, body weight and egg production.  Likewise, Tobias et al., (1992) 
reported poor hatchability among laying hens feed diets containing 5 and 10 mg 
T-2 toxin per kg feed.  Kersten (1998), reported that bobwhite quail hens dosed 
with T-2 toxin on a weekly basis laid eggs of a lower specific gravity, had thinner 
shells, and that eggs collected during the first 7 days after chronic exposure to T-
2 toxin had a significant reduction in percent fertility.  Chi et al., (1978) and 
Tobias et al., (1992) reported that T-2 toxin is deposited into egg yolk for 11 days 
after cessation of exposure.  Kersten (1998) concluded that the early decline in 
percent fertility observed might be a result of yolk T-2 toxin content.  In our 
experiment, HDEP increased when hens were dosed with 12 mg of T-2 toxin per 
kg of BW.  This result may be produced because T-2 toxin increased the 
mortality of the weak hens, and the few strong hens that survived had a higher 
egg production. However, if mortality of hens was taken in consideration, and 
hen housed egg production was analyzed; egg production was significantly lower 
when birds were dosed with any level of T-2 toxin (9 and 12 mg T-2 toxin per kg 
BW).  This result agree with Chi et al (1978), Tobias et al., (1992), and Speers 
(1977) that reported a decrease in egg production due to T-2 toxin treatments.  
Tobias et al.,(1992) reported that T-2 toxin is deposited into egg yolk for 11 days 
after cessation of T-2 toxin treatments.  For this reason in our experiment 
hatchability performance was also analyzed during the first two weeks of 
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production (7 days after last T-2 toxin treatments).  No difference in hatchability 
performance was observed during this period.  However, Kersten (1998) reported 
a significant reduction in percent fertility when hens were fed 20 mg T-2 toxin per 
kg BW.  Kersten (1998) concluded that this decrease in percent fertility may be a 
result of yolk T-2 toxin content.     
In our experiment overall differences in percent fertility, fertile hatchability 
or total hatchability were not observed due to intermittent T-2 toxin treatment 
because of the low numbers of eggs produced during the first four weeks of egg 
production.  However, a tendency to decrease fertile hatchability and total 
hatchability were observed when birds were treated with T-2 toxin.  This 
tendency of T-2 toxin to decrease hatchability performance agrees with Chi et al 
(1977), Tobias et al., (1992), and Kersten (1998) that reported a significant 
decrease in percent fertility and total hatchability when birds are chronically fed 
T-2 toxin. 
The influence of dietary raw soybeans and T-2 toxin on reproductive 
performance of bobwhite quail has not been previously investigated.  In our 
experiment significant decreases in HDEP and HHEP were observed as 
concentration of dietary and T-2 toxin treatment increased.  However, there were 
no differences in percent fertility, fertile hatchability and total hatchability of eggs 
due to the diet-toxin interaction.  Percent fertility, fertile hatchability and total 
hatchability were not significantly influenced by raw soybeans, T-2 toxins or their 
interaction due to the low production of eggs during the firs four weeks of egg 
production, and because the individual hens were not separated. 
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Choudhury et al., (1971) reported that when ochratoxin was fed to laying 
hens, the result was reduced egg production, and a subsequent depress in the 
performance of progeny for their first two weeks of life.  In our experiment chick 
body weight at 4 weeks of age was recorded to measure any effects on hens 
eggs due to diet, T-2 toxin treatment or their interaction.  The influence on body 
weight of chicks form hens fed different concentrations of raw soybeans has not 
been previously reported in bobwhite quail.  In our experiment significant 
decreases in body weight of chicks from hens fed 60% raw soybeans was 
observed as compared to chicks from hens fed 0, 20, or 40% raw soybeans.  
This indicates that feeding raw soybeans to bobwhite quail may have a 
detrimental effect on the progeny for at least the first four weeks of life. 
Kersten (1998) reported that intermittent treatment of hens with 14.0 or 
15.5 mg T-2 toxin per kg of BW produced significant lighter weight chicks at 
hatch, and at 4 weeks of age chicks from hens dosed with 14 mg T-2 toxin / kg 
BW. were significantly lighter, indicating a treatment effect.  However, Kersten 
(1998) did not find any difference in 4 week body weight of chicks when hens 
were dosed with 12 mg T-2 toxin / kg BW in agreement with the results of our 
study. 
Results from this study showed that raw soybean diets and T-2 toxin may 
have similar detrimental effects on reproductive performance of bobwhite quail as 
reported in chickens (Zhang and Parsons 1991, and Speers et al., 1977).  Based 
on our results, we conclude that raw soybeans and T-2 toxin may produce a 
decrease in egg production, and T-2 toxin may have a tendency to decrease 
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fertile hatchability and total hatchability of eggs.  These results indicate that the 
presence of raw soybeans and T-2 toxin may have a detrimental effect on 
bobwhite quail reproductive performance, and may be one important factor 
responsible for the decrease in the wild quail population. 
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Part IV 
The effect of T-2 toxin on testicular 
 morphology of adult bobwhite quail. 
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Abstract 
 Fifteen male bobwhite quail were used to determine the effect of T-2 toxin 
on testicular morphology.  Twenty-nine week old birds were randomly assigned 
to receive 0, 12, or 16 mg T-2 toxin per kg of body weight.  T-2 toxin was 
administered every 7 days over a 21 day period in a total of 4 exposures.  
Twenty-four hours after the last dose birds were sacrificed and the left testis was 
removed and fixed for histological analysis. 
 Large differences in testicular morphology were observed due to T-2 toxin 
treatment.  Control birds exposed to 0 mg T-2 toxin showed few small size 
melanocyte pigments with a round shape.  Birds exposed to 12 mg T-2 toxin per 
kg BW had greater numbers of medium size melanocytes with few processes.  
Birds exposed to 16 mg T-2 toxin had large numbers of large size melanocytes 
with abundant dendritic projections.  Spermatogenesis was also adversely 
affected by T-2 toxin treatments.  Birds treated with 12 mg T-2 toxin had fewer 
round spermatids with decreased mitotic activity and fewer elongating and 
mature spermatozoa.  Tissue from birds treated with 16 mg T-2 toxin per kg BW 
showed an increase in cellular degeneration, and few if any mature spermatozoa 
were visible. 
 These results indicate that T-2 mycotoxin may negatively influence male 
reproductive performance. 
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     Introduction 
 
Reproductive disorders in male avians are more difficult to determine than 
those of female disorders.  Female reproductive performance can be measured 
by egg production, egg shell consistency, egg yolk weight, fertility of eggs, and 
hatchability of chicks (Fudge, 2000).  Male reproductive performance can be 
measured by analysis of artificially ejaculated semen, or by necropsy specimens.  
Current avian literature reflects little documentation of male reproductive 
diseases and early diagnosis (Fudge, 2000).  There appears to be no literature 
that describes the influence of T-2 toxin on male reproductive performance.   
 The male reproductive tract consists of bilaterally paired testes located in 
the peritoneal cavity cranial to the kidney, and just caudal to the adrenal gland 
(Olsen and Orosz, 2000).  During the breeding season testes enlarge 
significantly, and may increase 300 to 500 fold in some seasonal breeders (King, 
1984).  This great enlargement at sexual maturity is due mainly to the increased 
length and diameter of the seminiferous tubules and greater number of Leydig 
cells and is therefore directly related to the capacity to produce semen (King, 
1984).  Seminiferous tubules are lined with spermatogonia and sertoli cells, 
allowing spermatids to develop into active spermatozoa (Fudge, 2000).  
Interstitial spaces between seminiferous tubules contain the Leydig cells that 
produce testosterone, which are responsible for controlling secondary sex 
characteristics (Fudge, 2000).  In species where the breeding season is of limited 
duration the gonads regress spontaneously and become photorefractory while 
day lengths are still long (Rosskopf and Woerpel, 1991).  During regression, 
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seminiferous tubules collapse and no lumen is present, spermatids and sperm 
become less abundant, and spermatogonia increase relative to other cell types 
(Anthony and Buss 1974). 
In most breeds of domestic fowl, and in many seasonal breeders the color 
of the testes also change with fluctuations in hormone levels (King, 1984).  An 
inactive testis is yellow from the accumulation of lipids in the interstitial cells.  
However, as the testis enlarges with sexual activity, it turns white through the 
dispersal of interstitial cells by the expanding seminiferous tubules (Serventy and 
Marshall, 1956).  Interstitial cell lipids are expended under the influence of 
gonadotropins (King, 1984).  
In other species of birds, when the testis is reduced in size after the 
annual post nuptial metamorphosis, it may become so dark as to appear almost 
black (Marshall, 1949).  The dark pigmentation is due to the presence of discrete 
pigment cells or melanoblasts (Serventy and Marshall, 1956).  Such cells are 
very similar to the protective pigment cells that occur in the dermis of man 
(Serventy and Marshall, 1956).  However, with sexual activity, as the testis is 
expanded by the maturing seminiferous tubules, even the most heavily 
pigmented organ becomes paler in color (Serventy and Marshall, 1956).  In a 
testis with large numbers of mealnocytes, the active testis changes in color from 
black to gray or white (King, 1984).  When the organ collapses after the breeding 
season, pigment cells are once more mechanically concentrated, and the testis 
becomes dark again (King, 1984).  Black testes seem to be unusual in birds, 
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occurring in only a small proportion of specimens from a given species and 
locality (Anthony and Buss, 1974).      
Hore et al., (1994) studied the difference in testicular melanin pigments 
during the gonadal cycle of tropical wild passerine birds.  During the 
recrudescent period (time were birds renew reproductive activity) the testis was 
black, due to largely increased melanin pigments (Hore et al., 1994).   During the 
reproductive period, the testes initially turned dull white, and then pearly white as 
reproductive activity increased.  In histological cross-section, few melanocytes 
were found in the interstitium.  During the post-reproductive period, testes were 
dull white and completely devoid of melanocytes. Observations were that during 
the regression period, the testes turned dark gray again due to the presence of 
melanocytes.  
At present, nothing is known of the function of the pigmented cells or the 
significance of the melanocytes in the testes.  Hore et al., (1994) concluded that 
the absence of interstitial melanocytes at peak of reproduction could be due to an 
inhibitory effect of the male hormone on melanogenesis.  During the post-
breeding phase, male hormone levels declined, the inhibitory effect ended, and 
melanin pigments reappeared. 
Anthony and Buss (1974) studied testicular melanogenesis in California 
quail during the gonadal cycle, and obtained similar results.  California quails 
also exhibit seasonal changes in testes coloration.  During fall and winter, the 
testes of quail are dark blue-black, while with the onset of recrudescence in the 
spring, the testes of the quail become lighter in color.  In late summer, during the 
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regression period, the testes returned to the blue-black color.  This color change 
was associated with the amount of melanin pigment in the interstitial tissue of the 
testis.  These findings are different from the passerine bird where during the 
recrudescent period testes were black and had increased amounts of melanin 
(Hore et al., 1994).   
Antohony and Buss (1974) separated spermatogenic activity into three 
general stages: non-breeding condition, recrudescence, and breeding condition.  
During each stage there was a change in the appearance of the melanin unit.  
Melanocytes in testes of quail in non-breeding condition were dendritic, with 
melanin granules present in the finger like processes.  Most pigment was located 
in the dendritic process, and in this stage the melanocyte and its nucleus was 
visible (Anthony and Buss, 1974).  During the recrudescence period, melanin 
pigments were less abundant in the interstitium, and melanocytes were much 
less dendritic.  Melanin granules were located closer to the nucleus of the 
melanocytes, and for this reason the nucleus could not be seen.  During 
breeding, melanin granules were tightly clumped within the melanocyte so that 
no dendritic processes were observed, and only a few melanocytes were present 
in each histological section.  When testicular regression began, melanin 
pigments again became abundant in the interstitium, and when the testes fully 
regressed, the cycle returned to the non-breeding condition (Anthony and Buss, 
1974).             
Anthony and Buss (1974) suggested that the hormones of reproduction, 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), or testosterone 
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have an inhibitory effect on melanogenesis in quail.  However, little is known 
about hormonal control of pigmentation in birds. 
T-2 toxin is an extremely cytotoxic mycotoxin that affects female and male 
internal organs.  This toxin is produced most commonly by the fungi Fusarium 
(Scott, 1989), and has been found on soybeans left as winter-feed for wild quail 
on the university of Tennessees Ames plantation (Kersten 1998).  T-2 toxin 
caused hypocellularity and necrosis of spleen, thymus, liver, small intestine, 
kidney and bursa of Fabricius in bobwhite quail (Kersten, 1998).  However, 
histological examination of testes was not completed.  The objective of the 
following experiment was to collect preliminary data to determine if T-2 toxin has 
a negative effect on testicular morphology in bobwhite quail.   
 
Materials and Methods 
 
 
Fifteen male bobwhite quail were used to determine the effect of T-2 toxin 
on testicular morphology.  Birds were grown from 4 weeks of age in starter 
batteries (Petersime Co., Gettysburg, OH) adapted for quail chicks.  Feed (Co-op 
Game Bird Grower-Crumble; Lavergne, TN) and tap water were available ad 
libitum. Light exposure was 8 hours per day.  During the grower period, quail were 
handled on a weekly base to acclimate the birds, and reduce future handling 
stress.  At 27 weeks of age the diet was changed to a breeder diet (Co-op Game 
Bird Breeder-Crumble; Lavergne, TN), and daily light exposure was raised to 16 
hours per day to induce puberty.  After two weeks acclimation, at 29 weeks of age, 
birds were randomly assigned to receive one of three treatments 0, 12, or 16 mg 
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T-2 toxin per kg BW, five birds per treatment.  T-2 toxin (Sigma, St. Louis, MO) 
was dissolved in 100% ethanol and brought to volume in corn oil.  Control birds 
were orally dosed with 30% ethanol, and 70% corn oil while treatment birds were 
orally gavaged with T-2 toxin.  T-2 toxin was administrated intermittently every 7 
day over a 21 day period on days 0, 7, 14, and 21.  All birds were sacrificed on 
day 22, 24 hours after the last T-2 toxin dose, the left testicle was quickly 
removed, and fixed in 10% buffered formalin (Fischer Scientific, Pittsburgh, PA).  
Tissues were embedded in paraffin, sectioned at 6µm, and stained with 
haematoxylin-eosin for routine histology.  The University of Tennessee 
Department of Pathology (Dr. Malcolm McCracken and Dr. Steve Patton) 
evaluated tissue samples. 
 
Results 
 
Large differences in testicular morphology were found due to intermittent 
T-2 toxin exposure (Figure 4-1 to 4-3).  Pigmented cells were found in the 
interstitium of all quail testes when visualized under the microscope (Figure 4-
1).  These pigmented cells had dendritic or rounded shape with a small central 
nucleus, and pigmented granules around the cytoplasm and processes (Figure 
4-2).  Different histological techniques were used to identify the pigmented 
cells. Hystologicla sections were exposed to a strong oxidizing agent to 
observing it bleaching characteristics and were also stained with Perls 
Prussian blue to differentiate Iron from melanin (Bancroft and Stevens, 1982).  
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After the different staining method the pigmented cells were identified as 
melanin.  
 Examination of testes tissue sections showed a dose dependent increase 
in melanin pigmentation due to T-2 toxin (Figure 4-1).  Histological sections of 
bobwhite quail in the control group (0 mg T-2 toxin per kg BW) showed few 
melanocyte pigments present (Figure 4-1A).  Birds treated with 12 mg T-2 toxin 
per kg BW had more melanin pigments in the interstitium as compared to the 
control birds (Figure 4-1B).  However, quail treated with 16 mg T-2 toxin per kg 
BW had the greatest amount of melanin pigments in the interstitium as 
compared with birds treated with 0 or 12 mg T-2 toxin per kg BW (Figure 4-1C).    
   Melanin granule shape also changed between treated and control birds.  
Control birds had melanocytes of a rounded shape, with no dendritic processes 
(Figure 4-2A).  Quail treated with 12 mg T-2 toxin per kg BW had small 
melanocytes with few dendritic projections (Figure 4-2B), while birds treated 
with 16 mg T-2 toxin per kg BW had abundant dendritic melanocytes with long 
processes (Figure 4-2C). 
 In addition to changes in numbers and shape of melanin pigments in 
testes interstitium, treatment with T-2 toxin had a negative effect on 
spermatogenesis.  Histological sections form control birds showed healthy cells 
in all stages of spermatogenesis (Figure 4-3A).  However, sections from birds 
treated with 12 or 16 mg T-2 toxin per kg BW showed degenerating cells, and 
cellular debris within the seminiferous tubules (Figure 4-3B and 4-3C).  Among 
quail treated with 12 mg T-2 toxin per kg BW, decreased mitotic activity, and 
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cellular necrosis within the seminiferous tubule was evidenced (Figure 4-B). 
These birds had less visible spermatozoa, and a decrease number of cells in 
the interstitium.  Birds treated with 16 mg T-2 toxin per kg BW showed a 
decrease in spermatozoa numbers to almost zero, an increase in cellular 
degeneration, and decreased numbers of cells in the seminiferous tubules and 
interstitium (Figure 4-C).  The testes of birds dosed with 16 mg T-2 toxin per kg 
BW had more spermatogonia and spermatocytes (immature spermatozoa) with 
fewer or no spermatids and spermatozoa.   
 
Discussion 
 
 
 Bobwhite quail (Colineus virginainus) are seasonal breeders and exhibited 
darkly pigmented cells in the testis, as found in California quail in non-breeding 
condition (Anthony and Buss, 1974).  At present, nothing is known about the 
significance of melanocytes in vertebrate testes (Hore et al., 1994).  Results from 
our experiment showed that when light stimulated bobwhite quail were exposed 
to T-2 toxin (12 and 16 mg per kg BW) a dose dependent increase in testis 
interstitial cell melanin pigmentation occurred.  Melanin pigments decreased to 
almost zero in the control group (0 mg T-2 toxin per Kg BW).  
 Serventy and Marshall (1956) reported that melanocyte density in the 
interstitium is influenced by seminiferous tubule volume.  During testes 
expansion coincident with the breeding season, pigment cells became scattered, 
and the organ become paler in coloration.  However, Anthony and Buss (1974) 
and Hore et al., (1994) believed that melanin in the interstitium of testis are not 
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only influenced by volumetric changes, but also by gonadotropin and hormonal 
levels.  This suggestion came from the observation that melanin pigments 
decreased during recrudescence when volume changes had only begun 
(Anthony and Buss, 1974).  Anthony and Buss (1974) and Hore et al., (1994) 
suggested that melanin pigments are inhibited by the male hormones either 
follicle stimulating hormone, luteinizing hormone and / or testosterone.  In our 
experiment, the increase in melanogenesis when birds were exposed to T-2 toxin 
suggest that T-2 toxin may have an inhibitory effect on the hormones of 
reproduction, and this block any inhibitory effect of male hormones on 
melanogenesis.    
 Hypothalamic releasing factors such as gonadotropin-releasing hormone 
(GnRH) cause FSH and LH to be released by the anterior pituitary (Fudge, 
2000).  If FSH and / or LH are not inhibited by T-2 toxin, it is also possible that it 
acts at a higher level in the brain, and blocks the release (or manufacture) of 
GnRH.  FSH initiates growth and development of seminiferous tubules and 
spermatogenesis while LH promotes the production of testosterone by interstitial 
(leydig) cells (Fudge, 2000).  Further, the metabolic pathway of melanogenesis is 
dependent on tyrosinase activity in the conversion of tyrosine to indole-5, 6-
quinone (Brush, 1978).  Tyrosinase catalyzes the limiting step of melanin 
biosynthesis and may also be a site of regulation (Hall, 1966).   
Hormonal changes are known to have an effect on melanogenesis in birds 
(Hore et al., 1994).  LH increased tyrosinase activity in feather tracts of weaver 
birds producing black plumage during the breeding season (Hall, 1966).  
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Likewise, testosterone caused local beak pigmentation in English Sparrows 
(Passer domesticus) and the Bobolink (Dolichonyx oryzivours) (Pfeiffer et al., 
1944; Engels, 1959).  Interestingly, the pigmentation of the beak is not influenced 
by testosterone in Brown Leghorn fowl (Juhn and Gustavson, 1930; Hamilton, 
1941).  However, to inhibit melanogenesis in the testes, LH or testosterone would 
have to decrease tyrosinase activity and the previous experiments of Hall (1966), 
Pfeiffer et al., (1944), and Engles (1959) did not agree with this hypothesis.  
There appears to be no reports that show LH or testosterone can decrease 
tyrosinase activity, or that these hormones could react differently in other species 
and / or organs.   
Birds exposed to intermittent doses of T-2 toxin showed spermatogenic 
activity similar to that during testicular regression.  Stages of testicular regression 
observed after reduction of light, are characterized by decreased size of the 
seminiferous tubules, increased amount of cellular debris in the lumen, decrease 
amount of mitotic activity, and cellular degeneration (Eroschenko and Wilson, 
1974).  In our experiment these same characteristics were observed in the 
seminiferous tubules of birds exposed to T-2 toxin, and were more obvious in 
birds dosed with 16 mg of T-2 toxin per kg BW.  Brown and Follett (1977) 
reported that low doses of androgen that suppress LH and FSH, presumably by 
negative feedback, caused testicular regression.  Desjardins and Turek (1977) 
reported that continuous administration of small amounts of testosterone, 1 mg 
per day, suppressed spermatogenesis by inhibiting LH release in quail.  In our 
experiment the decreased spermatogenesis in birds dosed with T-2 toxin may be 
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an indication that T-2 toxin is acting at the level of the hypothalamus and is 
suppressing either LH and FSH consistent with Brown and Follett (1977); and 
Desjardins and Turek (1977). 
 Results of this study may have direct implications for wild bobwhite quail.  
If T-2 toxin has an effect on male bobwhite quail reproduction, by suppressing LH 
and / or FSH; birds spermatogenic activity could be affected.  This could produce 
a late recrudescent period and / or an early regression of the testes decreasing 
fertility and increasing nest failure of wild birds.  Results indicate that the 
presence of T-2 toxin on grains left as late-winter food may negatively affect male 
reproduction and account partially for the declining quail population in southern 
states and Tennessee. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 139
Literature Cited 
 
1. Anthony R.G., and I.O. Buss.  Relationship of gonadal recrudescence 
and testicular melanogenesis in California quail.  Condor 76 (4): 452-457.  
1974. 
 
2. Brown N.L., B.K. Follett.  Effects of androgens on the testes of intact 
and hypophysectomized Japanese quail. Gen. Comp. Endocrinol.  33:267-277.  
1977. 
 
3. Bancroft J. D. and Stevens A.  Theroy and practice of histological 
techniques.  Longman Group Limited.  New York.  pp. 253-259.  1982. 
  
4. Brush A.H.  Chanical Zoology, Vol. X, New York, San Fransisco, 
London: Academic Press.  1978. 
 
5. Desjardins C., F.W. Turek.  Effects of testosterone on spermatogenesis 
and luteinizing hormone release in Japanese quail.  Gen. Comp. Endocrinol.  
33:293-303.  1977. 
 
6. Engels W.L.  The influence of different day lengths of the testes of a 
transequatorial migrant the bobolink (Dolichonyx oryzovorous). In: 
Photoperiodism and related phenomena in plants and animals.  Amer.  Assoc. 
Adv. Sci. Publ. 55: 759-766.  1959. 
 
7. Eroschenko V.P., and W. O. Wilson.  Histological changes in the 
regressing reproductive organs of sexually mature male and female Japanese 
quail.  Biol. of repro. 11: 168-179.  1974.  
 
8. Fudge A.M.  Laboratory Medicine: Avian and Exotic Pets.  W.B. 
Saunders Company, Philadelphia, Pennsylvania.  pp.  69-75.  2000. 
 
9. Hall P.F.  Tyrosinase activity in relation to plumage color in weaver bird 
(Steganura paradisaes).  Comp. Biochem. Physiol. 18: 91-100.  1966. 
 
10. Hamilton H.L.  Influence of adrenal and sex hormones on the 
differentiation of melanophores in the chick. J. Exp. Zool. 88: 275-305.  1941. 
 
11. Hore B.B., P.N. Mehrotra, and A. Hore.  Testicular melanin pigments 
and the gonadal cycle in a tropical wild passerine bird, Dicrurus adsimillis 
(Passeriformes, Dicruridae).  Funct. Develop. Morphology.  4 (1): 21-24.  1994.  
 
12. Juhn M., and R.G. Gustavson.  The production of female genital 
subsidiary characters and plumage sex characteristics by injection of human 
placental hormone in birds. J. Exp. Zool. 56: 31-66.  1930.   
 140
 
13. Kersten, D.B.  The effect of T-2 mycotoxin of adult bobwhite quail 
(Colineus virginianus).  M.S. Thesis, Univ. of Tennessee, Knoxville. 1998. 
 
14. King A.S., and J. McLelland.  Birds: their structure and function.  
Bailliere Tindall, Orlando, Florida.  pp. 145-174.  1984. 
 
15. Marshall A.J.  On the function of the inerstitium of the testis: The 
sexual cycle of a wild bird, Fulmarus glacialis.  Quart. J. Microsc. Sci.  90: 265-
280.  1949. 
 
16. Olsen,G.H., and S.E. Orosz.  Manual of Avian Medicine.  Mosby, 
Inc,St. Louis, Missouri. pp. 327-331.  2000. 
 
17. Pfeiffer, C.A., G.W. Hooker, and A. Kirkbaum.  Deposition of pigment 
in the sparrows bill in response to direct applications as specific and 
quantitative test for androgen.  Endocrinol., 34: 389-399.  1944. 
  
18. Rosskopf W.J., R.W. Woerpel.  Avian reproductive endocrinology.  
Vet. Clin. North. Am.  21 (6): 1347-1359.  1991. 
 
19. Serventy D.L., and A.J. Marshall.  Factors influencing testis coloration 
in birds.  Emu.  56: 219-222.  1956. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 141
 
Appendix 
 
Figure 4-1.  Quail testis.  A. Few melanocytes observed in the 
interstitial space (control birds).  B.  Moderate number of melanocytes 
in the interstitial space (12 mg T-2 toxin / kg BW).  C.  High number of 
melanocytes in the interstitial space (16 mg T-2 toxin / kg BW).  
Magnification 50X. 
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Figure 4-2.  Quail testis.  A. Small melanocyte with round shape 
(Control).  B.  Medium size melanocyte with enlogated shape and few 
dendritic projections (12 mg T-2 toxin / kg BW).  C.  Large 
melanocyte with abundant dendritic processes (16 mg T-2 toxin / kg 
BW).  Magnification 300X. 
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Figure 4-3.   Quail testis.  A.  Normal mature seminiferous tubules 
with different stages of spermatogenesis (Control).  B.  Seminiferous 
tubule with moderate degeneration and less visible spermatozoa (12 
mg T-2 toxin / kg BW).  C.  Marked celular degeneration with fewer or 
none spermatozoa (16 mg T-2 toxin / kg BW).  Magnification 200X. 
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Part V 
 
Conclusion 
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 The present experiment was conducted with the goal of determining if the 
antinutritional factors associated with the raw soybeans reduce the amount of T-2 
toxin needed to cause detrimental effects on bobwhite growth and reproduction.    
At Ames plantation, one of eleven branch stations for the Institute of Agriculture 
at the University of Tennessee, bobwhite quail populations have decreased 
roughly 60% since the 1960s (Dimmick, 1992).  For many years un-harvested 
raw soybeans have been left in the field to provide wild quail supplementary feed 
during the winter months.  Raw soybeans comprised up to 53.22% and 71.10% 
of the fall and summer diet respectively (Eubanks and Dimmick, 1974).  Separate 
studies have shown that raw soybeans left in the field, contained as much as 800 
parts per billion (ppb) T-2 toxin per kg (Kersten, 1998).  It was hypothesized that 
the anti-nutritional factor in raw soybeans and T-2 toxin may have additive effects 
and negatively influence the performance, immunity, and reproduction of wild 
bobwhite quail. 
 It has been well documented that inclusion of raw soybeans in diets 
considerably inhibits the growth of young animals (Grant, 1989), decrease the 
efficiency of food utilization (Liener, 1994), cause pancreatic hypertrophy (Coates 
et al., 1970) and decrease egg production in hens (Bray 1964; Rugler and 
Carrick, 1964; Grant 1989; Summers et al., 1966; Zang et al., 1991).  T-2 toxin is 
a biologically active fungal metabolite produced mainly by the Fusarium species 
(Purchase, 1974; Scott, 1989).  It has been established that T-2 toxin causes 
toxicosis in humans and animals (Joffe and Yagen, 1978; Cote et al., 1984) and 
inhibits protein synthesis followed by secondary disruption of DNA and RNA 
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synthesis (Schindler, 1974; Mann et al., 1983).  In animals the most frequent 
signs of T-2 toxicosis are reduced body weight and feed consumption (Wyatt et 
al., 1972; Kubean et al., 1989), oral lesions (Chi et al., 1978), white chalk-like 
material covering the viscera (Chi et al., 1977 a), reduction in reproductive 
performance (Wyatt et al., 1975; and Tobias et al., 1992), immunosuppression 
(Corrier, 1991), cellular damage to tissues (Kersten, 1998), and death at high 
doses (Chi et al 1977 a, b). 
 Results presented from our experiments indicate mortality tended to 
increase as raw soybean and T-2 toxin exposure increased.  This indicates that 
birds fed diets high in raw soybeans may be more susceptible to T-2 toxin.  Other 
results from our experiments indicate that birds exposed to raw soybeans and T-
2 toxin had lower feed utilization and performance.   
Kersten (1989) reported a decrease in absolute numbers of monocytes 
and lymphocytes when quail were fed T-2 toxin.  Our data support Kerstens 
(1989) observation as there was a tendency to decrease the percentage of 
monocytes and lymphocytes as T-2 toxin exposure increases.  This decrease in 
monocytes and lymphocytes may led to a significant impairment of the host 
immunity, including decreased resistance to bacterial infections, predator 
evasion, and increased mortality after challenge by different pathogens.  This 
increase in mortality, decrease in performance and increase in susceptibility to 
disease, may contribute to the fluctuation in populations of bobwhite quail at 
Ames Plantation.  
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In our experiment quail hen housed egg production decreased as raw 
soybean or T-2 toxin treatment increased in the diet.  This observation may 
indicate that raw soybean and T-2 toxin have a synergistic negative effect on 
female bobwhite quail reproduction.  Hill and Renner (1963) and Grant (1989) 
also reported that raw soybeans decrease egg production.  
Our study on testicular morphology of quail indicated that T-2 toxin may 
also influence male reproductive performance.  Our experiment reported 
negative effects on spermatogenesis when T-2 toxin treatment increased, with 
decreased mitotic activity or round spermatids, fewer visible spermatozoa and 
necrosis of interstitial cells.  Such effects on the seminiferous tubule may cause 
significant decreases in the reproductive performance of the male, and further 
may cause decreased fertility, fertile hatchability and total hatchability of wild 
female quail reproductive performance. 
In summary, raw soybeans and T-2 toxin may be negatively influencing 
bobwhite quail performance, mortality, immunity, and reproduction.  All these 
factors may act together to negatively affect quail health, increasing susceptibility 
to disease, predators, and decreasing the number of progeny.  This indicates that 
the use of raw soybeans as an over winter feed source and the T-2 toxin 
contamination of the grain may be a contributing factors to the decreasing 
population of bobwhite quail at Ames plantation.  Future studies should be 
performed on how to improve the over winter feed source of bobwhite quail, and 
how to produce new, less expensive and more effective methods to decrease T-2 
toxin toxicity.  
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